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1.  INTRODUCTION 


Methods  have  been  and  are  being  sought  to  increase  the  lethality  of  a  kinetic  energy  (KE)  tank 
round.  One  approach  is  to  increase  the  rod’s  velocity  by  increasing  the  energy  available  to  the  round. 
This  is  most  readily  accomplished,  at  least  in  principle,  by  increasing  the  energy  of  the  propellant. 

The  propellant  of  choice  in  several  prior  tank  ammunition  applications  has  been  JA2.  It  is  made 
from  nitrocellulose  (NC),  nitroglycerine  (NG),  and  diethylene  glycol  dinitrate  (DEGDN)  in  relative 
amounts  of  roughly  60%,  15%,  and  25%,  respectively.  JA2  has  a  nominal  impetus  of  1 150  J/g,  as 
computed  from  the  BLAKE  code.1  To  increase  the  energy,  cyclotrimethylenetrinitramine  (RDX) 
has  been  added  to  JA2  during  manufacture.2, 3  The  computed  increase  in  the  impetus,  flame 
temperature,  and  the  chemical  energy,  which  is  the  impetus  divided  by  (y- 1),  is  given  in  Table  1. 
The  common,  generic  name  for  JA2  propellant  with  RDX  added  is  JAX.  A  common  name  for  a 
specific  amount  of  RDX  added  to  JA2,  say  B%,  is  2RB.  For  example,  10%  RDX  added  is  given  the 
designation  2R10.  This  is  the  nomenclature  used  in  Table  1. 

JAX  has  been  made  with  nominal  RDX  additions  ranging  from  6.5  to  30%  by  weight  The  RDX 
used  in  the  earlier  manufacture  of  JAX  was  fluid  energy  milled  and  had  particles  with  a  mean 
diameter2  of  7.5  pm.  The  more  recent  manufacture  used  nominal  4-pm  recrystallized  RDX  from 
Dupont  Corporation.3  The  JAX  referred  to  in  this  report  is  generally  the  earlier  manufactured 
material.  For  the  same  propellant  formulation,  more  stick  propellant  than  granular  propellant  can  be 
placed  into  a  fixed  volume  gun  chamber;  thus,  the  JAX  had  been  made  in  both  granular  and  partially 
cut  stick  (PcS)  geometries.  The  sticks  were  kerfed,  or  cut  part  way  through  at  selected  linear  intervals 
along  the  stick,  to  relieve  the  internal  pressure  when  the  propellant  began  burning. 

Performance  increases  were  realized.2  However,  the  response  of  JAX  to  the  unplanned  stimulus 
of  a  shaped  charge  jet  was  violent,  approaching,  or,  in  some  cases,  perhaps  sustaining  a  detonative 
event.  Because  JA2  itself  usually  just  bums  in  such  tests,  the  violent  response  was  not  anticipated. 
In  addition,  other  propellants,  e.g.,  XM39  and  M43,  have  been  formulated  with  several  times  the 
RDX  loading  of  the  JAXs  and  in  similar  tests,  they  responded  less  violently  to  the  shaped  charge 

Table  1.  BLAKE  Computations  for  JA2  and  Selected  JAXs 


Formula 


JA2 

2R6.5 

2R10 

2R12 

2R16 

2R17.5 

2R20 

2R30 


Impetus 

J/g 


Flame  Temp 
K 


Impetus/(y-l) 
‘  J/g 


5130 

5194 

5225 

5240 

5273 

5283 

5302 

5367 


attacks.4  Thus,  the  question  is  raised:  what  happens  to  the  JA2  when  the  addition  of  even  small 
amounts  of  RDX  is  observed  to  change  the  vulnerability  response  from  burning  to  detonative? 

In  an  effort  to  address  this  question,  several  test  results  are  reviewed.  First,  the  mechanical 
fracture  response  of  JAX  relative  to  JA2  is  discussed.  Second,  the  results  of  a  number  of  vulnerability 
tests  that  demonstrate  the  different  vulnerability  responses  of  JA2  and  JAX  are  reviewed.  Third,  JAX 
is  characterized  by  the  now  standard  propellant  characterization  techniques,5  the  results  were  not 
anticipated  and  their  interpretation  consumes  the  latter  half  of  this  report. 

2.  THE  FRACTURE  RESPONSE  OF  JAX 

2.1  Mechanical  Response  Testing. 

Three  lots  of  JAX  propellant  were  produced  in  1985  and  had  fracture  response  evaluations 
performed  with  methods  that  were  in  use  during  that  period.6, 7i  *• 9  The  mechanical  parameters 
reported  are  the  results  of  those  tests.  These  results  have  been  shown  to  agree  with  results  gathered 
from  improved  procedures  and  equipment  sv  equently  developed  to  expand  the  scope  and  quality 
of  fracture  response  measurement.  T1  '  section  is  based  on  an  unpublished  technology  transfer 
report10 

Two  methods  of  fracture  evaluation  were  used  to  characterize  the  JAX  materials.  The  first  was 
the  drop  weight  mechanical  properties  test  (DWMPT)6,7  that  provides  high-rate,  uniaxial,  compres¬ 
sive  loading  to  individual  grains  from  which  the  propellant  modulus,  failure  stress,  failure  strain,  etc., 
are  determined  at  various  temperatures  (-50°  C  to  60°  C).  These  parameters  are  illustrated  in 
Figure  1.  This  test  characterized  the  uniaxial  response  of  standard  test  grains  and  can  indicate 
fracture  response  differences  in  materials.  The  second  method  was  the  gas  gun  impact  test  (GGIT)8, 9 
with  surface  area  analysis  performed  using  the  damaged  grains.  In  this  latter  test,  a  single  grain  is 
damaged  by  a  single  impact  at  a  controlled  velocity,  orientation,  and  temperature.  After  several 
grains  are  damaged,  the  grain  and  any  of  its  shards  are  collected  and  burned  in  a  small  closed  bomb. 
The  pressure-time  data  is  reduced  using  burning  rates  established  for  undamaged  grains.  From  this, 
a  surface  area  vs  fraction  burned  profile  is  generated  that  reveals  the  nature  and  degree  of  the  fracture 
damage  suffered  during  impact,  as  shown  in  Figure  2.  The  fracture  susceptibility  is  quantified  by 
summing  the  difference  between  the  damaged-grain  fracture  profile  and  the  profile  predicted  for  the 
undamaged  grain,  which  is  represented  by  the  shaded  area  in  the  plot.  These  two  procedures  provide 
mechanical  and  fracture  response  information  that  can  be  used  to  indicate  propellant  fracture 
susceptibility. 

DWMPT  and  GGIT  procedures  were  performed  using  JAX  propellant  under  conditions  similar 
to  those  used  for  previously  tested  JA2  propellant.  DWMPT  procedures  were  conducted  at  20,  - 10, 
and  -32°  C  at  a  strain  rate  of  about  200  s'1.  Modulus,  failure  stress,  and  failure  strain  vs  temperature 
results  are  shown  in  Figure  3.  The  JA2  results  (solid  diamonds)  are  connected  by  a  smooth  curve. 

The  JAX  data  in  Figures  3a  and  3c  tend  to  lie  on  or  above  the  JA2  line.  Also,  the  JAX  data  tend 
to  be  ranked  at  a  given  temperature,  the  larger  values  corresponding  to  specimens  with  more  RDX 
filler. 
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Figure  3.  Mechanical  Response  Results 


The  JA2  failure  strain  curve  of  Figure  3b 
decreases  in  both  directions  from  0°  C.  In  the 
lower-temperature  direction,  the  increased  brittle¬ 
ness  causes  failure  at  lower  strain;  in  the  higher- 
temperature  direction,  the  rapidly  increasing  soft¬ 
ness  causes  plastic  failure,  also  at  lower  strain. 
(Results  from  dynamic  mechanical  analysis11 
indicate  that  glass  transition  occurs  at  or  slightly 
below  -20°  C.  See  Figure  4.) 

Figure  3b  shows  that  the  JAX  propellants  do 
not  soften  as  JA2  but  maintain  a  brittle  character 
over  the  temperature  range  tested.  2R10  and 
2R20  exhibit  similar  slopes,  while  2R30  has  a 
much  shallower  one.  Again,  the  magnitude  of  the 
strain  at  failure  tends  to  be  ranked  with  the  level 
of  RDX  filler  used  in  the  JAX.  Looked  at  another 
way,  the  addition  of  the  RDX  filler  reduces  (or 
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Temperature  (°C) 

Figure  4.  DMA  Data  for  JA2  Which  Indicate 
Glass  Transition  Temperature  Region 


possibly  eliminates)  the  gross  thermoplastic-flow  characteristics  of  the  JA2  propellant  at  higher 


temperatures  and  extends  the  brittle  characteristics  of  the  JAX  into  the  higher  temperature  regimes. 


The  GGIT  procedure  was  carried  out  at  three  velocity-temperature  matrix  points  for  the  three 
JAX  formulations.  For  JAX  propellant  at  -20°  C,  grain  fracture  was  observed  to  begin  at  about 
110  m/s,  so  velocities  of  90  and  120  m/s  were  chosen  as  two  of  the  matrix  points.  At -30°  C,  the  third 
matrix  point  was  selected.  The  results  of  these  tests  and  ones  previously  completed  for  J  A2  are  shown 
in  Figure  5.  The  total  deviation  (defined  earlier,  see  Figure  2)  is  an  arbitrary  scale  that  measures  the 
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Figure  5.  Total  Deviation  vs  Impact  Velocity  for  Gas  Gun  Impact  Test 
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degree  that  the  damaged  grain  surface-area  profile  deviates  from  the  profile  predicted  for  undamaged 
grains.  Closed  bomb  results  for  undamaged  grains,  when  subject  to  this  analysis,  produce  total 
deviations  that  average  about  45  with  a  range  between  30  and  about  100.  Significant  grain  fracture 
is  thought  to  have  occurred  when  values  near  200  result.  The  comparison  of  fracture  damage  and 
fracture  susceptibility  via  the  total  deviation  is  made  by  noting  differences  in  this  parameter  at  similar 
impact  conditions. 

Figure  5  shows  several  things  that  are  evident: 

1)  As  the  RDX  content  of  the  JAX  increases,  the  fracture  susceptibility  in¬ 
creases. 

2)  The  fracture  susceptibilities  of  the  10%  and  20%  RDX  compositions  of  JAX 
are  similar  to  each  other  and  comparable  to  JA2.  (The  shaded  area  indicates  the 
range  of  JA2-like  behavior.) 

3)  The  30%  RDX  composition  has  a  significantly  greater  fracture  susceptibility 
than  JA2  at  both  -20  and  -30°  C. 

4)  These  results  are  self-consistent  and  consistent  with  DWMPT  results. 

2.2  JAX  Fracture  Response  Conclusions. 

The  mechanical  properties  and  fracture  response  of  JAX  were  measured  under  conditions  that 
were  thought  to  show  the  greatest  differences  between  JA2  and  JAX.  Measurements  showed  that 
at  RDX  levels  near  or  below  20%,  JAX  mechanical  response  was  not  significantly  different  from 
JA2,  and  may,  in  fact,  have  been  slightly  better  (see  Figure  5a).  At  RDX  levels  near  30%,  the 
DWMPT  mechanical  response  indicated  the  increase  in  brittleness  would  result  in  the  creation  of 
significant  fracture-generated  surface.  This  observation  was  confirmed  in  GGIT  fracture  suscepti¬ 
bility  tests.  JAX  with  30%  RDX  had  significantly  greater  fracture-induced  surface  area  than  did  JA2, 
2R10,  or  2R20  under  similar  impact  conditions. 

These  tests  indicate  that  JAX  propellant  up  to  an  RDX  content  of  about  20%  should  not  suffer 
worse  fracture-related  performance  loss  or  vulnerability  susceptibility  than  JA2,  as  long  as  the  stress 
environments  are  equivalent.  At  RDX  levels  of  30%  and  greater,  JAX  can  be  expected  to  have 
significantly  worse  fracture-related  performance  and  vulnerability  responses  than  does  JA2  under 
the  conditions  in  these  experiments.  This  does  not  say  that  a  JAX  propellant  cannot  be  designed  to 
give  satisfactory  performance  under  normal  interior  ballistic  conditions.  However,  when  conditions 
deviate  from  normal  (such  as  localized  ignition  at  low  temperature,  or  shaped-charge  jet  interaction) 
and  grain  fracture  occurs,  a  JAX  propellant  can  be  expected  to  have  a  more  severe  fracture  response 
than  JA2.  Since  JA2  has  been  shown  to  be  a  thermoplastic  elastomer  with  time-temperature 
equivalence,12  failure  strain  results  indicate  that  as  the  strain  rate  of  the  deformation  increases,  the 
divergence  in  mechanical  response  between  JA2  and  JAX  should  increase.  That  is,  as  the  interaction 
rates  increase,  JAX  should  show  an  increasingly  greater  level  of  brittle  response  when  compared  to 
JA2  (see  Figure  3b). 
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Propellant  Bed 


Primacord 


Support  Plate 


3.  VULNERABILITY  TESTS:  DESCRIP¬ 
TION  AND  RESULTS 

Several  vulnerability  tests  had  been  performed 
using  these  early  JAXs  as  the  test  propellant.  In 
this  section,  these  tests  and  their  results  are  out¬ 
lined  in  rough  chronological  order:  1)  the 
Primacord  shock  initiation  test,  2)  the  air  blast 
test,  3)  the  shock  velocity  test,  4)  the  impulse 
pendulum  test,  and  5)  the  staged  compartment 
test 


This  test  has  been  designed  to  rank  new  propel- 

Figure  6.  PrimaCord  Shock  Initiation  lant  formulaUons  by  their  relaUve  res!K>nsc  10 

TestSetuD  explosive  shock  initiation.  It  is  a  simple  “go  ’  or 

“no-go”  screening  test  designed  to  eliminate  those 

,  .  ,  propellants  with  a  demonstrably  poor  vulnerabil- 

-  - - Pressure  Gauges  i  <  , 

/  \  /  /  tty  response. 

/  l!  j Y 

3  0rn\  r ''  *  | 1  •'  Figure  6  shows  a  schematic  of  the  Primacord 

\*/\  |[  /  shock  initiation  test  setup.  A  250-mm  section  of 

''j  J.  1/5 1  ,y  a  ^O-mm  combustible  case  is  filled  halfway 

3.0  m\  \  /  with  granular  propellant.  A  predetermined  length 

\jfilh  Proper-Filled  °f  Primacord,  with  a  mass  of  about  typically 

nil1[Wll)  '  VIP  Case  32  g,  is  coiled  and  placed  on  top  of  the  propellant 

— — bed.  A  short  length  of  cord  extends  through  the 

/  1^.  wall  of  the  case  to  accommodate  the  igniter.  The 

rha  Plate  J^J  sh»gc°D  case  is  filled  to  the  top  with  propellant  that  is  held 

in  place  by  sealing  the  case  with  gun  tape.  The 

„  „  ,  .  _  _  case  is  placed  on  a  305-mm  by  6 10-mm  section 

Frgure  7  Schemauc  Diagram  of  the  of  10.mm  rolled  homogeneous  ^  (RHA) 

ast  xpenment  pjate  SUpp0rtecj  by  two  plates  of  51 -mm  RHA 

which,  in  turn,  rest  upon  a  large  5 1  -mm  section  of 

RHA  (not  shown).  The  Primacord  is  ignited  and  the  propellant  reacts.  If  the  10-mm  support  plate 

is  destroyed,  a  detonative  event  is  indicated  and  usually  indentations  can  be  found  in  the  base  plate.2 

These  tests  indicated  a  violent  response  for  2R30  and  mild  responses  for  2R 10  and  2R20.2  These 
results  are  consistent  with  the  findings  of  the  fracture  response  tests  of  JAX  discussed  in  Section  2. 
The  JAX  formulation  2R30  was  eliminated  from  further  consideration. 
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Figure  7.  Schematic  Diagram  of  the 
Air  Blast  Experiment 


A  schematic  of  the  test  configuration  for  the  air  blast  measurements  is  found  in  Figure  7.  An 
8 1  -mm  BRL  precision  shaped  charge  jet  is  conditioned  by  a  25-mm  RHA  plate  at  a  distance  of  2  cone 


diameters  (CD).  (This  standoff  distance  has  been  selected  because  the  jet  is  thought  to  have  well- 
defined  characteristics  [forexample  diameter,  velocity,  and  length]  at  this  distance.)  The  conditioned 
jet  proceeds  through  and  interacts  with  the  propellant  The  shock  wave  produced  by  the  jet-propellant 
interaction  is  detected  by  in-ground  pressure  gages  that  are  located  along  radii  45°  on  either  side  of 
the  jet  center  line.  The  pressure  gages  are  situated  in  lead  shields  sunk  into  ground.  The  entire  test 
area  had  been  graded  and  leveled.  The  data  consists  of  time  of  arrival  of  the  shock  and  the  pressure 
measured  at  a  given  location.  For  comments  on  the  difficulty  of  obtaining  reliable  data  from  this  type 
of  test,  see  Reference  13. 

Table  2  shows  data  for  an  inert  material,  JA2  in  both  granular  and  PcS  geometries,  and  a  number 
of  J  AXs.  The  upper  section  of  this  table  refers  to  the  data  taken  at  the  3.0-m  locations  while  the  lower 
section  refer  to  those  data  taken  at  the  6. 1-m  locations.  The  left  most  column  identifies  the  Range 
10  shot  number;  the  second  and  third  columns  identify  the  propellant  used;  the  fourth  and  fifth 
columns  tell  the  geometry  (granular  or  partially  cut  stick)  and  the  perforation  (7  or  19).  The  sixth 
column  shows  the  weight  of  each  propellant  in  kilograms.  The  next  columns  display  the  results. 
Pressure  values  measured  along  the  left  (L)  and  right  (R)  legs,  as  well  as  the  average  (A)  of  both  legs 
are  show  in  columns  7,  8  and  9,  respectively,  in  Table  2.  The  right  most  column  shows  the  average 
arrival  time  of  the  shock. 

Figures  8  and  9  graphically  display  the  average  air  blast  results  for  the  different  propellants.  The 
JA2  responses  are  slightly  greater  than  the  inert  material  response.  On  the  other  hand,  the  JAXs  give 
a  more  violent  response. 

Figures  10  and  1 1  show  the  air  blast  arrival  times.  The  inert  material  exhibits  the  longest  times 
(i.e.,  slowest  shock  wave,  which  in  this  case  must  be  due  only  to  the  shaped  charge  jet  itself).  The 
arrival  time  for  the  JA2  propellants  is  slightly  faster.  The  JAXs,  however,  all  show  significantly 
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Figure  8.  Air  Blast  Pressure  at  3.0  m 
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Figure  9.  Air  Blast  Pressure  at  6. 1  m 
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Propellant 
Name  (geometry) 

Inert  (Stick) 

JA2  (Gran) 

JA2  (Pc  S) 
JAX-2R16  (19p  Pc  S 
JAX-2R16  (19p  Pc  S 
JAX-2R20  (19  p  Hex 
JAX-2R20  (19  p  Hex 
JAX-2R20  (19p  Pc  S 
JAX-2R20  (19p  Pc  S 

Propellant 
Name  (geometry) 

Inert  (Stick) 

JA2  (Gian) 

JA2  (Pc  S) 
JAX-2R16  (19p  Pc  S 
JAX-2R16(19pPcS 
JAX-2R20  (19  p  Hex 
JAX-2R20  (19  p  Hex 
JAX-2R20  (19p  Pc  S 

Lot 

Number 

Orange  EC 
RAD00M0015102 
RAD792-32 
HCL87A0 10-002 
HCL87  AO  10-002 
HCL86H003-009 
HCL86H003-009 
HCL86H003-009 
HCL86H003-009 

Lot 

Number 

Orange  EC 
RAD00M0015102 
RAD792-32 
HCL87A0 10-002 
HCL87  A0 10-002 
HCL86H003-009 
HCL86H003-009 
HCL86H003-009 

Shot 

Number 

S-NG7 11901 
S-NG7 11903 
S-NG7 16702 
S-NG7 16203 
S-NG7 16703 
S-NG7 11902 
S-NG7 16901 
S-NG7 16903 
S-NG7 16302 

Shot 

Number 

S-NG7 11901 
S-NG7 11903 
S-NG7 16702 
S-NG7 16203 
S-NG7 16703 
S-NG7 11902 
S-NG716901 
S-NG7 16903 
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S-NG7 16302  HCL86H003-009  JAX-2R20(19pPc  S)|  19  5.0  103.4  111.6  107.5 


Figure  10.  Air  Blast  Arrival  Time 
at  3.0  m 


Figure  1 1.  Air  Blast  Arrival  Time 
at  6.1  m 


faster  arrival  times,  again  indicative  of  a  more 
violent  reaction. 

3.3  The  Shock  Velocity. Test- 

Figure  12  shows  a  schematic  of  the  shock 
velocity  test.14- 15  An  81 -mm  BRL  precision 
shaped  charge  is  aimed  at  the  center  of  the  box  of 
propellant.  The  shaped  charge  is  fired,  the  jet  is 
formed,  and  is  conditioned  by  5 1  mm  of  RHA.  It 
then  strikes  the  trigger  plate  and  interacts  with  the 
propellant  within  the  wooden  box.  Any  residual 
jet  is  captured  by  the  stack  of  RHA  blocks.  At  a 
position  80  mm  from  the  upper  surface  of  the 
catcher  blocks,  the  upper  surface  of  the  third 
RHA  block  was  indexed  to  obtain  a  measure  of 
the  actual  center-line  of  the  jet.  The  2R16 
19-perforation  stick  JAX  was  broken  at  the  kerfs 
to  provide  “grains”  with  an  L/D  about  unity. 

The  wooden  propellant  box  is  made  250-mm 
square  and  80-mm  deep.  In  the  vertical  center 
plane  of  this  box  (i.e.,  40  mm  below  the  trigger), 


81 -mm  Shaped  Charge 


Conditioning  Block 

Zero  Time  Trigger 
Propellant  Box 


Index  Block 


Catcher  Blocks 
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Figure  12.  Schematic  of  the  Shock 
Velocity  Experiment 


Table  3.  Shock  Velocity  Coefficients 


Shot 

Number 

Propellant 

Name 

Lot 

Number 

A 

B 

C 

16 

INERT 

WEP 

-10.50 

25.70 

17 

INERT 

WEP 

-6.19 

WmmWiE 

16.40 

36 

2R16 

HCL-87A-010-002 

7.39 

0.08 

-10.60 

41 

JA2-19p 

RADPE-792-11 

-6.41 

0.22 

17.30 

43 

JA2-19p 

RADPE-792-11 

-7.61 

0.26 

19.60 

44 

JA2-19p 

RADPE-792-11 

-6.97 

0.24 

18.50 

eight  sacrificial  microphones  are  positioned  at  progressively  increasing  radii  from  the  center  (see 
Figure  13).  The  microphones  are  located  on  radii  28  mm  to  102  mm  from  the  center  of  the  box.  The 
shock  front  from  the  propellant-jet  interaction  passes  through  the  propellant  bed  and  is  sequentially 
detected  by  the  microphones.  Since  the  location  of  each  microphone  is  known,  the  basic  data  consists 
of  time  of  arrival  of  the  shock  front  vs  location.  Differentiation  provides  velocity  vs  time  information. 

Table  3  identifies  the  lot  numbers  for  several  propellants,  their  shot  numbers,  and  their 
coefficients  in  the  empirical  formula: 

shock  velocity  (km/s)  =  A  +  Bd40  5  +  Cd-0-25.  ( 1 ) 


» 


Figure  13.  Schematic  of  Microphone  Locations 


Equation  (1)  has  been  used  to  compute  the  infor¬ 
mation  in  Table  4  for  shots  16, 17,36,41, 43,and 
44.  The  average  of  shots  16  and  17  (the  inert 
shots)  and  the  average  of  4 1 , 43,  and  44  (the  JA2 
shots)  are  also  shown  in  Table  4.  The  sigma 
column  is  the  standard  deviation  of  the  three  JA2 
shots. 

Figure  14  shows  the  shock  velocity  of  the 
average  inert,  the  average  JA2  and  the  2R16 
plotted  against  distance  from  the  center  of  the 
box.  The  inert  material  and  J  A2  propellant  show 
a  shock  with  monotonically  decreasing  velocity. 
By  contrast,  the  2R 1 6  J  AX  exhibits  an  accelerat¬ 
ing  velocity  with  distance.  These  results  clearly 
indicate  that  the  response  of  the  JAX  is  more 
violent  and  of  a  different  nature  than  the  response 
of  the  JA2. 
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Table  4.  Shock  Velocities  (km/s)  as  a  Function  of  Distance 


Shots 

Distance 

(mm) 

16 

17 

Average 

16.17 

36 

41 

43 

44 

Avenge 

41,43,44 

Sigma 

20 

2.50 

2.75 

2.82 

2.85 

2.81 

0.05 

30 

1.96 

3.30 

2.18 

2.24 

2.20 

0.04 

40 

1.93 

1.66 

1.79 

3.69 

1.86 

1.82 

1.89 

1.86 

0.04 

50 

1.63 

1.46 

1.54 

3.97 

1.64 

1.60 

1.67 

1.64 

0.04 

60 

1.44 

1.33 

1.38 

4.21 

1.50 

1.44 

1.54 

1.49 

0.05 

70 

1.31 

1.23 

1.27 

4.40 

1.4l 

1.33 

1.42 

1.39 

0.05 

80 

122 

1.17 

1.19 

4.56 

1.34 

1.26 

1.36 

1.32 

0.05 

90 

1.16 

1.12 

1.14 

4.71 

1.28 

1.22 

1.32 

1.27 

0.05 

too 

1.12 

1.10 

1.11 

4.84 

1.26 

1.18 

1.28 

1.24 

0.05 

3.4  The  Impulse  Pendulum  Test. 

Figure  IS  shows  a  schematic  of  the  impulse  pendulum  test  apparatus.16  In  this  test,  propellants 
are  placed  in  a  cardboard  shipping  container,  nominally  ISO  mm  in  diameter  and  S20  mm  long.  The 
attack  path  is  diagonally  through  the  center  of  mass  of  the  propellant  and  placed  at  a  convenient  angle 
(but  constant)  so  that  the  jet  will  miss  the  pendulum  bob.  The  attack  is  by  unconditioned  bare  Viper 
placed  2  cone  diameters  away  from  the  propellant  charge.  The  shock  wave,  produced  by  the 
interaction  of  the  Viper’s  jet  and  the  candidate  propellant,  impinges  upon  the  nearby  pendulum  bob 
of  massive  weight.  The  distance  between  the  propellant  tube  and  the  pendulum  face  is  305  mm.  The 
displacement  and  the  period  of  the  pendulum  are  measured  directly  and  the  total  impulse  delivered 
to  the  pendulum  is  calculated  from  the  following  formula: 

Impulse  =  2n  [Mass  x  Displacement/Period].  (2) 


Measurement1 

Displacement 
v  Period 


\  I=  2wnd 

'  Period 

\ 

\ 


>v 

«•  \ 


'><H —  Frictionless 
Bearing 


m 

(3200  kg) 


Figure  14.  Shock  Velocity  Data  for 
JA2  and  JAX 
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Figure  IS.  Schematic  of  the  Impulse 
Pendulum  Test 


The  contribution  of  the  shaped  charge  itself  is  determined  by  shooting  into  a  cardboard  container 
filled  with  sand.  This  contribution  is  small  and  subtracted  from  the  calculated  impulse  to  obtain  the 
impulse  due  to  the  jet-propellant  interaction  alone.  Results  are  ranked  in  a  relative  fashion. 

Table  5  identifies  the  propellant,  the  shot  number,  and  the  net  impulse  in  N-s.  The  table  is  divided 
according  to  whether  the  weight  of  propellant  tested  was  2.3  kg  or  greater  than  2.3  kg.  Figure  16 
shows  the  results  for  the  2.3-kg  tests.  Again,  it  is  evident  that  2R20,  either  in  the  granular  or  stick 
geometry,  exhibits  a  greater  response  than  the  J  A2.  The  results  in  Figure  1 7  are  even  more  dramatic. 
Here  JA2  at  the  7.3-kg  and  10-kg  levels  has  about  five  times  lower  response  than  the  2R20  at  the 
7.3-kg  level.  This  is  further  evidence  that  the  JAX  responds  in  fundamentally  different  fashion 
relative  to  JA2. 


Table  S.  Impulse  Pendulum  Data 


opellant 

Name  (type) 

Mass 

(kg) 

Lot 

Number 

Shot 

Number 

Impulse 

(N-s) 

JA2  (7p) 

2.3 

RAD-84G-001-S176 

88-10 

612 

JA2  (19p) 

2.3 

RAD-PE-792-11 

88-11 

657 

JA2  (19  PcS) 

2.3 

RAD-PE-792-33 

88-30 

843 

JAX  2R20  (7p  PcS) 

2.3 

HCL-86C-006-004 

88-27 

1484 

JAX  2R20  (19  p  Hex) 

2.3 

HCL-86H-003-009 

88-13 

1618 

JAX  2R20  (19p  PcS) 

2.3 

HCL-86C-004-00 1 

88-14 

1896 

JA2  (7p) 

4.5 

RAD-84G-001-S176 

88-25 

872 

JA2  (19  PcS) 

10. 

RAD-PE-792-33 

88-28 

1201 

JA2  (19p) 

7.3 

RAD-PE-753-10 

88-26 

1208 

JAX  2R20  (7p  PcS) 

7.3 

HCL-86C-006-004 

88-29 

5614 

Figure  16.  Impulse  Pendulum  Data  for  Figure  17.  Impulse  Pendulum  Data  for 

2.3-kg  Quantities  of  JA2  and  JAX  Various  Amounts  of  JA2  and  JAX 


3-5  The  Staged  Compartment  Test 

These  tests  characterize  the  relative  response 
of  candidate  propellants  in  confined  quarters  that 
simulate  the  volume  of  the  stowage  compartment 
of  an  M 1  tank.  The  apparatus  used  in  this  test  is 
shown  in  Figure  1 8  and  is  capable  of  holding  ten 
rounds  of  sleeved  105-mm  ammunition.  How¬ 
ever,  in  these  experiments,  2.3  kg  of  propellant 
are  placed  in  a  cardboard  tube  and  blocked  with 
wood.  This  tube  is  then  located  within  a  standard 
aluminum  stowage  sleeve  that  is  placed  in  the  test 
apparatus  on  the  second  tier  from  the  bottom,  in 
front  of  the  hole  cut  into  the  angled  face  of  the 
armor.  Only  the  sleeved  2.3-kg  propellant  charge 
is  in  the  compartment.  The  threat  is  an  81 -mm 
BRL  precision  shaped  charge  located  at  standoff 
of  2  CDs  (not  shown).  The  jet  passes  through 
25  mm  of  RHA  that  is  backed  by  13  mm  of  Isodamp.  The  conditioning  armor  pack  (not  shown)  is 
located  against  the  slant  wall  of  the  compartment  and  the  jet  is  aimed  at  the  center  of  mass  of  the 
propellant.  Two  mounts  for  Kistler  gages  (calibrated  to  13-MPa  peak  pressure)  are  located  in  both 
end  walls  of  the  compartment,  in  a  plane  parallel  to  the  direction  of  the  shaped  charge  jet  attack.  These 
gages  provide  (duplicate)  pressure  vs  time  data.  The  pressure-time  curve  is  integrated  (up  to  10  ms) 
to  provide  specific  impulse  vs  time  information. 

Table  6  identifies  the  propellants  tested  in  the  staged  compartment  apparatus.  The  testing  of  JA2 
propellant  took  place  on  February  11,  1988,  while  the  testing  of  2R20  propellant  took  place  on 
April  12, 1988.  Figure  19  shows  the  computed  impulse  plotted  against  time  for  the  four  propellants 
listed  in  Table  6.  It  is  obvious  that  the  JA2  response  is  about  five  times  lower  than  the  J  AX  response. 

3.6  Summary  of  JAX  Yalaerability  Testing- 

The  mechanical  properties  tests,  even  at  low  temperatures,  did  not  show  an  obvious  correlation 
with  the  vulnerability  tests  that  involved  shaped  charge  jets  interacting  with  the  JAX  propellant  bed. 
This  is  not  surprising  since  the  role  that  mechanical  properties  play  has  been  shown  to  be  secondary 
to  that  of  chemistry.17 

All  five  tests  discussed  previously  show  that  the  response  of  JAX  is  fundamentally  different  from 
the  response  of  JA2.  Since  JAX  is  manufactured  by  adding  30%  RDX  (or  less)  to  JA2,  the  question 
arises:  What  is  the  specific  mechanism  that  causes  JA2  to  go  from  a  low  response  propellant,  one  that 
generally  mimics  the  inert  material  response,  to  the  violent  response  observed  for  the  JAXs?  The 
remainder  of  this  report  discusses  how  we  began  to  address  this  question  and  what  was  found. 


Figure  18.  Schematic  of  the  Ten-Round 
Staged  Compartment  Test 
(The  target  round  is  darkened.) 
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2R20 


Table  6.  Staged  Compartment  Propellants 


Propellant 

Lot# 

2R20 

JA2  19P  STICK 
JA2  19PGRAN 
JA2  7PGRAN 

HCL-88C-006-004 

RAD-PE-792-33 

RAD-PE-792-11 

RAD-PE-001-S176 

4.  JAX  MORPHOLOGY 
4.1  SEM  Background. 


Time  (ms) 


Figure  19.  Staged  Compartment  Test  Results 
for  2.3-kg  Quantities  of  JAX  and  JA2 


The  physical  arrangement  of  the  processed  material  is  very  important  to  propellant  performance. 
Defects  such  as  voids,  cracks,  agglomerates,  or  foreign  material  can  have  a  deleterious  effect  on  the 
programmed  burning  of  the  charge  by  changing  the  mass  generation  rate  of  the  propellant.  This  is 
done  by  supplying  augmented  surface  area  directly  or  through  the  resulting  fracture,  or  by  simply 
changing  the  intrinsic  burning  rate  of  the  propellant.  For  this  reason,  scanning  electron  microscopy 
(SEM)  has  been  adopted  as  a  standard  method  of  detecting  these  defects.  Each  propellant  lot 
undergoing  investigation  is  examined  by  SEM  to  ensure  that  the  structure  has  its  intended  integrity. 
SEM  micrographs  are  also  used  to  assure  that  there  are  no  processing  problems,  such  as  poor  mixing 
of  materials.  Information  may  be  uncovered  during  a  routine  SEM  morphological  screening 
examination  that  would  alert  researchers  to  potential  performance  problems  and  could  eliminate  or 
redirect  subsequent  testing.5 

Therefore,  undamaged  specimens  of  each  type  of  JAX  propellant  were  cold  fractured  at  dry  ice 
temperatures.  The  low-temperature  fracture  reduces  the  possibility  of  introducing  artifacts  into  the 
structure.  Since  cracks  propagate  through  the  material  by  a  path  of  least  resistance  and  defects 
usually  supply  a  lower  resistance  pathway,  the  likelihood  that  a  crack  will  encounter  a  defect  (if  it 
exists)  as  it  propagates  is  enhanced.  This  process  results  in  more  defects  being  exposed  at  the  fracture 
surface  than  would  be  represented  in  random  sectioning  of  the  specimen.  Conversely,  if  no  defects 
are  seen  on  the  newly  exposed  surface,  it  is  likely  that  the  defect  population  is  small. 

4.2  SEM’sofJA2  Grains- 


Figure  20  shows  micrographs  of  the  cold-fractured  surface  of  typical  JA2  propellant  and  is 
presented  as  a  basis  for  comparison.  JA2  is  a  thermoplastic  elastomer  that  undergoes  a  transition 
from  mostly  plastic  to  brittle  behavior  at  about  -20°  C  at  deformation  rates  on  the  order  of  1 00  s*1  (see 
Figure  4).  The  typical  JA2  cold-fracture  surface  is  smooth,  indicating  brittle  fracture.  Some 
nitrocellulose  (NC)  is  observed  because  the  high  nitration  level  (13. 1  %)  of  the  NC  prevents  all  of  the 
fiber  from  dissolving  in  the  plasticizer.  Other  propellants  that  use  lower  levels  of  nitration  (12.6%) 
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10  Mm  lOpm 

a.  =700X  b.  =2000X 

Figure  20.  Micrographs  of  the  Cold-Fractured  Surface  of  JA2  Propellant 

have  the  NC  completely  dissolved  and  do  not  show  exposed  fibers.  The  only  other  notable  feature 
in  typical  JA2  propellant  is  the  presence  of  very'  small  (0.5  -  2  |im)  particles  distributed  throughout 
the  propellant.  Their  identity  has  not  been  established.  They  could  be  very  fine  carbon  black,  which 
is  an  added  ingredient,  or  they  could  be  small  particles  of  MgO  that  are  added  during  mixing  to  aid 
in  the  extrusion  process.  In  any  case,  they  seem  to  be  found  throughout  the  material. 

4.3  SEM’s  of  JAX  Grains. 

Figure  21  shows  micrographs  of  2R 10,  a  JAX  propellant.  RDX  particles  that  are  less  than  5  pm 
in  diameter  are  observed  in  these  micrographs.  The  surface  is  not  as  smooth  as  the  JA2  surface  in 
Figure  20,  but  other  JA2-like  features  are  present,  such  as  NC  fibers  and  very  small  particles.  The 


20  pm  10  pm 

a.  =400X  b.  -800X 

Figure  21.  Micrographs  of  the  Cold-Fractured  Surface  of  2R-10  JAX  Propellant 
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only  unusual  feature  is  that  the  particle  size  of  the 
RDX  is  considerably  smaller  than  expected.  The 
distribution  of  particle  sizes  that  was  added  to 
make  JAX,  and  that  typically  appears  in  nitra- 
mine  base  propellants,  has  most  of  the  particles 
within  a  range  of  2  to  20  pm.  Figure  22  shows  an 
example  of  a  nitramine  base  propellant.  It  has 
76%  RDX  filler  that  falls  within  the  2-20  pm 
range.  This  range  is  representative  of  the  RDX 
particles  size  distribution  expected  in  the  JAX 
specimen  but  was  not  observed. 

Micrographs  of  JAX  propellant  with  20% 
RDX  filler  are  found  in  Figure  23.  As  expected 
the  number  density  of  particles  is  greater,  but  the 
particle  size  is  still  about  5  pm.  The  fracture 
surface  is  rougher  than  the  2R10  surface  (see 
Figure  21).  This  was  caused  by  the  greater  number  of  particles  (i.e.,  defect  locations)  diffusing  the 
path  of  the  crack  during  the  specimen  preparation. 

Micrographs  of  the  30%  filled  JAX  propellant  are  presented  in  Figure  24.  There  are  similar 
changes  due  to  the  increased  concentration  of  RDX  as  were  noted  in  Figure  23.  There  are  more 
particles  present  and  an  even  rougher  surface.  The  major  difference  noted  here  is  that  the  RDX  size 
distribution  seems  to  be  more  in  line  with  what  was  expected. 

The  observations  made  for  these  three  lots  of  JAX  propellant  are  significant  and  consistent  when 
considered  in  light  of  information  that  was  gathered  when  a  more  recent  production  of  JAX 
propellant  was  made.  The  JAX  micrographs  presented  in  Figures  22, 23,  and  24  were  taken  when 
the  propellant  was  first  delivered  in  the  Spring  of  1 986.  A  more  recent  production  was  manufactured 


20  pm 


10pm 


a.  =400X  b.  =800X 

Figure  23.  Micrographs  of  the  Cold-Fractured  Surface  of  2R-20  JAX  Propellant 
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20  |im  10  jim 

a.  ~400X  b.  =800X 

Figure  24.  Micrographs  of  the  Cold-Fractured  Surface  of  2R-30  JAX  Propellant 


at  the  Radford  Army  Ammunition  Plant  in  February  1993.3  The  objective  in  making  the  newer  JAX 
had  been  to  test  the  effects  of  using  recrystallized  RDX  rather  than  fluid-energy-milled  RDX  in  a  JAX 
composition.  This  lot  was  received  for  routine  morphological  testing  and  was  cold  fractured  to 
investigate  the  structure.  Crystals  were  observed  covering  the  surfaces  of  the  perforation  walls. 
These  observations  had  not  been  made  with  any  previous  lot  of  JAX.  However,  the  only  surfaces 
that  were  investigated  using  the  earlier  propellant  were  cold-fracture  surfaces.  Micrographs  of  early 
lots  were  inspected  for  similar  observations,  but  there  were  no  portions  of  micrographs  that  showed 
perforation  surfaces  of  sufficient  magnification  to  confirm  the  presence  of  crystals  growth. 
Figure  25  shows  a  comparison  between  a  JA2  perforation  surface  and  the  corresponding  surface  of 
a  2R7.7  JAX  grain.  All  perforations  showed  similar  crystal  structure.  All  areas  of  every  perforation 
showed  evidence  of  crystal  growth. 


20  jxm  20  fim 

a.  JA2  (=400X)  b.  JAX- 1  with  RDX  Crystals  (=400X) 

Figure  25.  Micrographs  of  the  Inner  Perforation  Surface  of  JA2  and  JAX-1  Propellants 
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To  understand  the  physical  nature  of  the  deposition  process,  the  specimen  used  in  Figure  25  was 
cold  fractured  along  the  radial  direction  of  the  grain.  This  provided  an  orthogonal  view  from  the  one 
presented  in  that  figure,  and  provided  an  opportunity  to  observe  the  extent  of  the  crystal  growth. 


Figure  26  shows  the  radial  fracture  surface.  Attention  is  called  to  the  whiter  band  of  material  that 
sits  on  the  gray  bulk  of  the  propellant  grain.  It  is  clear  that  the  crystals  reside  only  on  the  extrusion 
surface.  There  is  no  extension  of  the  crystals  below  a  sharp  line  of  demarcation,  the  extruded 
perforation  surface. 


20  pm 


10  pm 


a.  =400X  »*“  b.  =800X 

Figure  26.  Micrographs  of  the  Inner  Perforation  Surface  of  JAX-1  Shown  in  Figure  1  lb 

Cold-Fractured  in  the  Radial  Direction 


The  more  recent  lots  of  JAX  were  not  the  only  ones  to  exhibit  this  crystallization  phenomenon. 
The  JAX  propellant  that  was  studied  in  1986  (2R10, 2R20, 2R30,  and  2R16)  was  still  in  storage  in 
the  magazine.  It  had  been  undisturbed  for  7  years  and  was  retrieved  to  see  if  this  crystal  growth  could 
be  seen  in  the  perforations.  When  the  ungraphited  2R16  JAX  propellant  was  brought  to  the 
laboratory,  a  white  “powder”  was  visible  on  its  outside  surfaces.  Specimens  of  whole  grains  were 
prepared  for  SEM  analysis  and  micrographs  of  the  outside  surface  of  the  grain  appear  in  Figure  27. 
Since  the  crystals  must  have  appeared  after  extrusion,  and  since  the  crystals  seem  to  appear  upon 
annealing  or  long-term  storage,  the  deposition  mechanism  is  likely  to  be  precipitation  after 
transportation  to  the  surface  by  means  of  solution. 

4.4  Crystal  Identification. 

Positive  identification  of  these  crystals  was  needed  and  was  obtained.  The  identification  strategy 
consisted  of  1 )  examining  the  surface  of  the  perforations,  where  the  crystals  had  been  detected;  and 
2)  examining  the  bulk  material,  away  from  external  surfaces,  as  a  control.  The  microreflectance- 
FTIR  spectra  of  the  JAX  surfaces  (see  Figure  25b)  were  obtained  using  a  Mattson  Polaris  FTIR 
spectrometer  and  a  Spectra-Tech  IR-Plan  infrared  microscope  with  a  MCT  detector.18  The  software 
included  Kramers- Kronig  transformations  to  correct  spectral  distortions.  For  both  spectra,  32  scans 
were  collected  with  a  resolution  of  8  cm1.  The  scans  are  shown  in  Figure  28. 
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100  urn 


20  pm 


a.  =80X 

Figure  27.  Micrographs  of  the  Exterior  Surface 


b.  -400X 

of  2R-16  JAX  Propellant  alter  7- Year  Storage 


Attention  is  drawn  to  the  ordinate  of  Figure  28  in  the  region  between  1500  and  1700  cm1.  From 
other  spectra  (not  shown),  an  RDX  spectral  signature  lies  at  about  1600  cm'1  and  an  NC  spectral 
signature  lies  at  about  1660  cm1.  In  the  upper  scan  labeled  “Bulk  Surface  of  JAX”  (Figure  28),  we 
see  the  NC  spectral  signature  at  1660  cm1,  but  little  or  no  indication  of  an  RDX  spectral  signature 
at  1600  cm'1.  On  the  other  hand,  the  lower  scan,  labeled  “Perforation  Surface  of  JAX”  (Figure  28), 
we  do  Find  the  RDX  spectral  signature  at  about  1600  cm1.  The  shape  of  the  derived  NC  spectral 
signature  at  about  1660  cm'1  is  distorted.  This  results  from  a  failure  of  the  Kramers-Kronig 
transformation  to  perfectly  compensate  for  the  specular  reflection  of  the  crystals  on  the  surface. 


The  crystals  were  positively  identified  as  nitramines  and  we  concluded  that  they  were  recrystal¬ 


lized  RDX.  With  the  information  thus  far  it  was 
hypothesized  that  some  type  of  migration  pro¬ 
cess  was  occurring  that  resulted  in  the  deposition 
of  RDX  on  the  exterior  surfaces  of  JAX  propel¬ 
lants. 

4.5  The  Formation  of  Crystals  on 
JAX  Surfaces. 

Processing  records  indicated  that  annealing 
of  the  propellant  was  performed  for  6  hours  at 
43°  C  after  extrusion  and  cutting  to  relieve  re¬ 
sidual  grain  stress  .  Annealing  is  routinely  per¬ 
formed  as  a  part  of  JA2  processing,  and  was 
included  in  the  JAX  processing.3  Thus,  if  heating 
were  to  accelerate  the  RDX  deposition,  all  JAX 
materials  should  have  RDX  crystal  growths  on 
their  external  surfaces  after  manufacture. 


Figure  28.  Microreflectance  FTIR  Spectra 
of  JAX  Surfaces 
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After  annealing,  the  grains  are  tumbled  to  apply  a  graphite  coating  that  aids  in  loading  operations 
and  increases  packing  density.  We  infer  that  the  newer  grains  had  the  RDX  removed  from  exposed 
outside  surfaces  during  the  tumbling  process.  This  explains  why  crystals  were  found  only  within  the 
perforations  for  the  recently  produced  JAX.  Grains  stored  for  extended  periods  of  time  either  were 
exposed  to  high  temperatures  (storage  history  is  unknown)  or  the  solution  that  transports  the  RDX 
to  the  surface  had  sufficient  time  to  form  these  crystals  after  slowly  evaporating. 

As  stated  earlier,  the  annealing  step  in  the  processing  of  JAX  suggests  that  heat  might  promote 
the  RDX  formation.  We  devised  a  simple  test  of  this  proposal.  Specimens  of  JAX  (2R16)  were  cut 
at  2 1 0  C  (not  cold-fractured)  to  expose  fresh  surface  area  that  contained  no  crystals.  One  half  of  the 
grain  was  placed  into  an  oven  at  75°  C  for  65  hours.  The  other  was  placed  within  a  laboratory  hood 
at  room  temperature.  After  23  hours  the  propellant  specimens  were  removed  from  the  annealing  oven 
and  inspected;  crystals  were  observed  on  the  surfaces.  The  control  showed  no  sign  of  crystal 
formation.  The  samples  were  returned  to  the  oven  and  the  hood  and  after  65  hours  they  were  again 
examined  using  the  SEM.  There  was  about  the  same  number  density  of  RDX  crystals  on  the  heated 
samples  as  there  was  after  23  hours,  but  the  crystals  were  larger.  The  SEM  results  for  heated  and 
control  samples  after  65  hours  are  shown  in  Figure  29. 

4.6  The  Role  of  DEGDN. 

Evidence  from  thermogravimetric  analysis  experiments  shows  large  weight  losses  ( 1 3.5  to  1 9%) 
for  JA2  upon  exposure  to  elevated  temperatures.  Table  7  shows  the  weight  loss  observed  for  the 
propellants  JA2,  M30,  and  M43  upon  exposure  to  60°  C  for  1000  minutes  and  upon  exposure  to 
100°  C  for  360  minutes.19 

The  candidates  responsible  for  this  relatively  large  weight  loss  observed  for  JA2  are  the 
plasticizers  DEGDN  or  NG.  Table  8  shows  the  vapor  pressure  for  these  two  neat  materials20  over 


50  pm 


50  tim 


a.  Control,  Unannealed  (=160X) 


b.  Annealed,  75°  C  for  65  hr.  (=160X) 


Figure  29.  Micrographs  of  the  Cut  Surface  of  2R-16  JAX  Propellant 
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Table  7.  Therraogravimetric  Analysis  for 
JA2,  M30  and  M43  at  60°  C  and  100°  C 


Table  8.  Vapor  Pressures  of  Neat 
DEGDN  and  NG 


Temperature 

(°C) 

Vapor  Pressure 
(Pa) 

DEGDN 

NG 

20 

0.48 

0.20 

25 

0.78 

0.24 

40 

no  data 

1.00 

45 

no  data 

1.72 

60 

17.3 

8.00 

Propellant 

Specimen 

(%Wl  Loss) 

T=  60°  C 
t  =  1000  min 

T=  100°  C 
t  =  360  min 

JA2 

13.5 

19 

M30 

7.5 

12 

M43 

1.5 

3 

the  temperature  range  20°  to  60°  C.  The  neat  vapor  pressure  of  DEGDN  is  significantly  greater  than 
that  of  NG,  a  factor  of  2  at  60°  C,  and  the  weight  percentage  of  DEGDN  is  almost  a  factor  of  2  greater 
than  the  weight  percentage  of  NG  in  the  formulation  of  JA2.  These  two  ratios  lead  us  to  focus  our 
attention  on  DEGDN  as  the  principal  solvent  for  the  transport  of  RDX  in  the  JAXs. 

The  next  question  concerns  the  solubility  of  RDX  in  DEGDN  itself.  Table  9  shows  the  available 
data  for  the  solubility  of  RDX  and  HMX20  at  25°  C.  The  data  are  ranked  according  to  the  value  of 
the  absolute  solubility  of  RDX.  This  value  ranges  from  a  low  of  2.3  g/100  g  solvent  to  a  high  of 
41  g/100  g  solvent  The  absolute  solubility  of  RDX  in  neat  DEGDN  has  the  lowest  value. 

Since  DEGDN  is  about  25  wt%  of  JA2,  and  since  6  to  30  wt%  of  RDX  is  added  to  the  JA2,  the 
solution  of  dissolved  RDX  in  the  DEGDN  and  NG  within  the  JAX  propellant  is  very  likely  saturated. 

4.7  The  RDX  Deposition  Process- 

The  measurable  solubility  of  RDX  in  DEGDN  and  high  vapor  pressures  for  DEGDN  strongly 
supports  the  following  deposition  process. 

When  RDX  is  added  to  the  JA2  propellant,  it  dissolves  to  form  a  saturated  solution  in  the 
propellant  plasticizers.  This  accounts  for  smaller  than  expected  particle  sizes  observed  in  morphol¬ 
ogy  investigations,  especially  at  lower  concentrations  of  RDX.  The  high  vapor  pressure  of  DEGDN 
causes  rapid  vaporization  of  the  plasticizer  at  all  exposed  propellant  surfaces.  During  annealing,  this 
process  is  accelerated  (and  the  solubility  of  RDX  may  be  greater)  causing  rapid  loss  of  plasticizer 
and  transport  of  RDX  from  the  interior  to  the  exterior  surfaces.  As  the  plasticizer  vaporizes,  the 
dissolved  RDX  precipitates  and  is  deposited  on  the  surface.  Once  crystals  are  formed  on  the  surface, 
the  tendency  to  enlarge  existing  crystals  would  take  precedence  over  the  creation  of  new  sites,  as  is 
usually  the  case  when  solids  precipitate  from  saturated  solutions.  This  was  observed  in  the  most 
recent  annealing  experiments  (see  Section  4.5).  The  effect  of  this  process  is  to  remove  RDX  from 
the  bulk  of  the  grain  and  deposit  RDX  crystals  on  the  exterior  surfaces. 
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Table  9.  Solubility  of  RDX  and  HMX  in  DEGDN  at  25°  C 


RDX/HMX 


b)  CPIA/M3  "Solid  Propellant  Ingredients  Manual"  Nov  1989.  RDX 
values  from  Unit  16,  plS  of  21;  HMX  values  from  Unit  IS,  pl6  of  22. 

c)  Shortly  after  the  HMX  dissolves,  precipitation  of  solvate  crystals 
occurs. 


Some  of  the  final  processing  steps  in  the  manufacture  of  JAX  are  conducted  at  elevated 
temperatures.3  First,  there  is  the  "even-speed  operation"  conducted  at  68°  C  that  prepares  the  dough 
for  carpet  rolling.  Second,  the  carpet  rolls  are  conditioned  at  66°  C  for  a  minimum  of  30  hours. 
Finally  after  extrusion,  trays  of  cut  propellant  are  annealed  for  6  hours  at  a  temperature  of  43°  C.  If 
our  proposed  mechanism  for  the  precipitation  of  RDX  on  exposed  propellant  surfaces  is  correct,  then 
it  is  likely  that  recrystallized  RDX  is  formed  in  one  or  more  of  these  processing  steps.  Thus,  the 
recrystallized  RDX  constitutes  a  potential  safety  hazard  even  during  its  manufacture. 

It  is  also  noted21  that  "Microscopic  examination  of  2R12  and  2R16  propellant  carpet  rolls  in 
storage  at  Radford  (since  1986)  confirmed  the  presence  of  unbound  (recrystallized)  RDX  on  the 
propellant  surface." 

We  have  noted  in  section  4.5  that  the  recrystallized  RDX  is  likely  to  be  mechanically  loosened 
from  the  exposed  exterior  surfaces  of  JAX  propellant  This  was  confirmed  when  reciystallized  RDX 
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Table  10.  Sensitivity  Initiation  Characteristics  for  JAX,  JA2  and  Neat  RDX 


Production 

Total 

RDX  Content 

Sample 

Sliding 

Thermal 

Sample 

Date 

Volatiles 

Particle 

Thickness 

Impact 

Friction* 

Dischsrge 

Initiation 

(%) 

Size  (it) 

(%) 

(mm) 

(an) 

(MPa) 

(J) 

(°C) 

2R12 

Apr-86 

0.05 

47 

12 

2.46 

| 

390 

£9.5 

198 

2R16 

Apr-86 

<0.01 

7.5 

16 

2.54 

64 

464 

£9.5 

194 

2R20 

Feb-86 

0.14 

100 

20 

2.41 

503 

29.5 

no  data 

JA2 

Oct-86 

0.30 

0 

0 

2.46 

80 

617 

29.5 

195 

neat  RDX 

dry 

7.5 

100 

0.18-0.38 

13-26 

200-293 

0.026-0.065 

no  data 

neat  RDX 

dry 

47 

100 

0.38-0.45 

51 

170 

0.065 

no  data 

neat  RDX 

dry 

100 

100 

0.28-0.36 

26-64 

170-345 

0.13-0.26 

no  data 

|  *  at  244  cm/s 

was  easily  removed  from  2R12  and  2R16  carpet  rolls  in  experiments  at  Radford  by  scraping  the 
propellant  surfaces  with  a  spatula.21 

This  RDX  crystal  growth  and  subsequent  separation  from  the  propellant  introduce  safety 
concerns  during  propellant  moving  and  handling  operations  that  are  not  well  understood.  These 
concerns  arise  during  sample  inspection,  the  finishing  phases  in  the  JAX  manufacturing  process,  and 
propellant  shipment  and  storage. 

Recent  safety  testing  of  several  JAXs,  JA2,  and  neat  RDX  has  been  done.21  These  results  for 
threshold  initiation  levels  are  presented  in  Table  10.  (In  the  table,  threshold  initiation  level  is  defined 
as  that  level  above  which  initiation  can  occur,  and  is  established  by  20  consecutive  failures  at  the 
stated  level.  Initiation  was  determined  by  infrared  detection  of  decomposition  gases.)  These  data 
show  little  or  no  change  in  the  initiation  level  among  the  JAXs  as  measured  by  electrostatic  or  thermal 
ignition.  The  differences  in  the  JAX  initiation  values  for  impact  and  sliding  friction  were  judged  not 
significant.  The  report  concludes  that  for  all  practical  purposes  the  JAX  initiation  levels  are 
comparable  to  the  JA2  values.  Table  10  also  shows  that  dry,  neat  RDX  is  more  easily  initiated  by 
impact,  friction,  and  electrostatic  discharge  than  either  JA2  or  the  JAX  propellants  listed. 

There  are  two  implications  thatcan  be  drawn  from  these  data.  First,  the  recrystallized  RDX,  when 
mechanically  freed  from  the  JAX,  may  either  remain  airborne  and  diffuse,  or  be  convectively 
transported,  thereby  contaminating  shipping  or  storage  containers.  The  precise  safety  implications 
have  not  been  quantified,  but  the  data  in  Table  1 0  suggest  a  prudent  caution  since  the  loose  RDX  poses 
an  increased  safety  hazard.  Second,  the  fact  that  these  safety  tests  showed  no  differences  between 
JA2  and  JAX  (with  or  without  surface  RDX21)  suggests  that  these  tests  cannot  be  used  to  predict  or 
determine  the  level  of  recrystallized  RDX  present.  To  make  this  determination,  a  time-temperature 
study  of  the  rate  of  formation  of  recrystallized  RDX  on  the  JAX  propellant  surfaces  would  have  to 
be  undertaken,  perhaps  as  a  function  of  the  weight  percentage  of  RDX.  Once  this  relationship  is 
determined,  the  temperature  history  of  the  JAX  propellants  would  have  to  be  recorded  and  evaluated 
to  properly  assess  the  current  state  of  recrystallization.  The  increased  hazard  due  to  the  evolution  of 
loose  RDX  would  also  have  to  be  determined. 
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Two  considerations  raise  questions  that  may  be  significant,  but  are  currently  not  resolvable.  The 
first  deals  with  the  RDX  deposition  process  at  annealing  and  upper-extreme  storage  temperatures. 
The  data  in  Table  8  show  that  the  relationship  between  the  vapor  pressure  and  temperature  is 
Arrhenius  in  nature.  Thus,  at  elevated  temperatures,  the  vapor  pressures  will  continue  to  rapidly 
increase.  However,  the  solubility  of  RDX  in  the  propellant  plasticizers  is  not  known  at  higher 
temperatures.  If  the  solubility  is  significantly  larger  and  works  in  concert  with  the  higher  vapor 
pressure,  the  deposition  rate  will  be  markedly  increased  as  the  temperature  rises.  The  second 
consideration  concerns  the  deposition  rate  and  is  chemical  in  nature.  Our  interest  has  been  focused 
on  the  role  of  DEGDN  because  of:  1)  its  higher  vapor  pressure  (Table  8)  and  greater  concentration 
relative  to  NG;  and  2)  the  greater  thermogravimetric  weight  loss  experienced  by  JA2  relative  to  M30 
(Table  7).  Nevertheless,  the  role  that  NG  plays  in  the  RDX  transport  process  is  not  clear.  In  addition, 
the  mixture  of  DEGDN  and  NG  that  forms  the  JA2  plasticizer  may  have  properties  different  from 
the  properties  of  the  neat  components.  Most  of  the  information  needed  to  address  these  concerns  is 
not  known.  Two  tacit  assumptions  were  used  throughout  this  analysis:  1)  dramatic  changes  in  the 
solubility  of  RDX  with  temperature  were  not  considered;  and  2)  the  vapor  pressure  of  the  plasticizer 
mixture  would  be  an  interpolation  of  the  neat  constituent  values.  If  additional  processes  or  chemical 
changes  were  introduced  when  the  plasticizers  were  mixed,  other  explanations  for  these  observations 
become  possible.  However,  the  mechanism,  as  presented,  is  qualitatively  consistent  with  the 
information  and  physical  data  contained  in  this  report. 

In  conclusion,  the  mechanism  for  the  precipitation  of  RDX  discussed  in  section  4.7  produces  a 
dynamically  changing  structure  on  the  surfaces  of  and  within  JAX  propellants.  Since  JAXs  can 
undergo  morphological  changes  with  time  and  temperature,  and  since  the  standard  safety  tests  are 
not  predictors  of  the  changing  state  of  a  JAX  propellant,  the  continued  manufacture  and  use  of  JAXs 
as  they  are  currently  formulated  and  processed  is  not  recommended. 

6.  OPTIONAL  STRATEGIES  TO  RDX  ADDITION 

6.1  Solid  Fills. 

RDX  is  not  the  only  energetic  solid  oxidizer  that  could  be  tried  in  the  manufacture  of  a  JAX-like 
propellant.  Table  9  shows  that  the  relative  solubility  of  HMX  in  neat  DEGDN  is  more  than  an  order 
of  magnitude  lower  than  that  of  the  RDX’s  solubility.  While  this  is  encouraging,  this  low  value  is 
no  guarantee  that  HMX  would  not  show  a  similar  crystallization  phenomenon.  Recourse  must  be 
made  to  experimentation.  Other  solid  oxidizers  could  also  be  tried. 

6.2  Use  of  Less  Volatile  Plasticizer. 

The  DEGDN  could  either  be  replaced  with  a  less  volatile  plasticizer  or  an  inhibitor  could  be  added 
to  DEGDN  to  retard  its  migration.  In  this  last  regard,  some  experimentation  with  PARAPLEX  G59, 
a  viscous,  high  molecular  weight  hydrocarbon,  has  shown  some  success.22  Approximately  10  wt% 
of  G59  had  been  added  to  a  recently  manufactured  nominal  2R20  JAX.  The  grains  were  exposed  to 
testing  as  described  in  section  4.5,  except  that  the  heating  at  75°  C  was  continued  for  120  hours. 
These  grains  were  examined  by  SEM,  as  described  in  section  4.3,  and  analyzed  by  FTIR,  as  described 
in  section  4.4.  No  crystalline  RDX  was  observed  on  the  exposed  outer  surfaces. 
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7.  SUMMARY 


The  original  goal  of  this  investigation,  to  determine  the  mechanism(s)  by  which  the  vulnerability 
response  of  JAX  was  so  much  greater  than  that  of  JA2,  was  not  reached.  It  may  be  that  the  raw 
crystalline  RDX  observed  on  the  external  JAX  surfaces  contributes  to  this  increased  violent  response 
but  it  is  not  the  only  possible  mechanism,  and  in  no  way  has  it  been  demonstrated.  For  example,  the 
implication  that  RDX  enters  into  solution  in  the  DEGDN  may  also  provide  a  mechanism  for  the 
increase  violent  response  of  the  JAXs  observed  in  the  vulnerability  tests. 

During  the  course  of  routine  investigations  on  JAX  propellant,  raw  RDX  crystals  were  found 
deposited  on  the  external  surfaces  of  all  JAX  grains  examined.  A  mechanism  for  this  deposition  was 
hypothesized  and  tested,  and  found  to  be  consistent  with  all  data  at  hand.  Safety  implications  of  the 
deposition  process  were  pointed  out  and  some  general  approaches  to  mitigating  or  circumventing  the 
RDX  crystallization  were  suggested. 
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APPENDIX  A 

JAX  Propellant  Description  Sheets 


Lot  Numbers: 


HCL86H003-008 
HCL86H003-009 
HCL86H003-010 
HCL86H003-013 
HCL86H003-0 1 4 
HCL86H003-0 1 5 

HCL86C004-00 1 
HCL86C004-002 
HCL86C004-003 
HCL86C004-004 
HCL86C004-005 
HCL86C004-006 

HCL86C006-00 1 
HCL86C006-002 


HCL86C006-003 

HCL86C006-004 

HCL86C006-005 

HCL86H008-001 
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HCL86H008-003 
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HCL86H008-005 

HCL86H008-006 

HCL86H008-007 

HCL86H008-008 

HCL87A0 10-002 
HCL87A0 10-004 
HCL87A0 10-005 


HCL87  AO  1 0-006 
HCL87C0 1 0-007 
HCL87C0 10-008 
HCL87C0 1 0-009 
HCL87C010-010 
HCL87C0 10-01 1 
HCL87C010-012 
HCL87C010-013 
HCL87C010-014 
HCL87B010-015 

RAD-PD-090- 1 ( JA2) 
RAD-PD-090-2 
RAD-PD-090-3 
RAD-PD-090-4 
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Candelllla  wax  la  used  as  a  lubricant  during  extrusion  and  aay  be  present  in 
the  propellant  In  traea  aaounts. 


.It't-li.-iw  rxi  ;Ms  hihvUCtb-k/iL/ruia1 


r(A  hC.  733c5£7500 


PROPELLANT  f  SORfPTION  SHEET 


HCU7AOIO-OQ2 


"  NA0F9M  UMT  AMMUNITION  PUNT,  NA8F0K8,  YA.  |”te^nsubcontract  „2077 


MiiiliL  nmsaaggg: 

I  ■iu.wmu.uimm!, 


£*■27:4. 


PROPELLANT  DESCRIPTION  SHEET 


672  Pounds 


RADFORD  ARMY  AMMUNITION  PUNT.  IA0F0R0.  U.  |  lo^y^IT  Subcontract  932077 


BE  EBBS 


T-’  ”  ■ 


B95089;  93091:  93092 


MA»  13.13  m. 
mm  13.07  c 
*V-  13.10  a 


■sj-ajm/nuw 


145  I  155 


160 


MtNtJUCmE  Of  S8LVE97l€SS  PRBPEt 


t.Lll/UUll«?UIW 


\m,\u  ;f-B7Tnm 


Extrusion  -  Carpet  Roll 


Extrusion  -  Die 


iwMJxmwm 


III 

lamu] 


momuani  coMfosmoM 


coNsnniMT 


OClllUL 


TESTS  OF  FINISHED  PROPELLANT 


iwMimaBmii 


■mTTmrnrTr 


BICmitRI  ILKIl  IIIITIATE  o 


4111011  21  .r 


Mwr 


11.45  I  ••  rails 


19.24 


jdnnrnnuii 

hrn 

■Errors 

■JA4!tiAU!!TI4m-flranYICTPi 


n«BHirr  and  mtscai  iuti 


(OSMVIA 


cc  40'  I  CC  60'+ 


Iff  1  Hr 


1.1  lt/i 


IEEXH 


nrnymir 


IOT  NU MR II  I  T1MP  •f  j 


c^m^yn 


MI1METII 


!■  I  H  ■!  I  1  H  l  11  i  I  Ml 


U3n2flm*nmfflaw  rmra  i 


The  dosed  bomb  test  used  2R-20 
.n  the  827  fore  fixed  against  the  827 
standard.  700cc  boob  with  0.1  ga/cc 
loading  density. 


11.43  111.59 


aijii-mg 


mt U 


Candelllla  wax  is  used  as  a  lubricant  during  extrusion  and  aay  be  present  la  the 
propellant  In  trace  amounts. 


ARR COM  FORM  214  R  10  AUS  77 


PROPELLANT  DESCRIPTION  SHEET 


672  Pounds 


KADFORD  ARMY  AMMUNITION  PUKT.  RADFORD,  U.  Subcontract  932077 


ggrggggs 


NITIOCE  UflltoE  -m. 


lfTiTTTT?,”i  "J 


B95069 ;  95091;  95092 


13 1 U.  % 

— .  13.07  . 

av-  1310-  a 


ICUlXlt'IUl 


JHHFACTWE  Of  SBLY€*71£5S  PROPEL 


145 

1  155 

150 

160 

i  g  i  n\rrwntrrmm 


■noi 


Extrusion  -  Carpet  Roll 


Extrusion  -  Die 


MtOKUAMt  COMfOtmOH 


TESTS  OF  FINISHED  PROPELLANT 


nsaiurr  amo  mtsou  hits 


ACTUM. 


cc  40*  I  ec  60'+ 


— M  i  :I'T J  fftTI  ■  'TFT  IW'jn  MR  ITTH  TT1  1 


ptaetT  1/87 


*T“ V”*  The  closed  bonb  test  used  2R-20 
In  the  827  fora  fired  against  the  827 
standard.  700cc  bonb  with  0.1  ga/cc 
losdlag  density. 


m o* e Acme cowtAMsi  Carton  327049  ;  Barrier  Bag  327202  *  Wooo  box  3270S8  _ 


Candelllla  wax  is  used  as  a  lubricant  during  extrusion  and  nay  be  present  in  the 
propellant  In  trace  aaounts. 


ARRCOM  FORM  214  R  10  AU6  77 


PROPELLANT  DESCRIP  HUN  trite  i 


co«*o«no» 


2R-20 


m o» r tawt  comtamm  Carton  327049  •  Barrier  Bag327202 


■niiiimi  i 


*  327088 


Candelllla  wax  la  used  as  a  lubricant  during  extrusion  and  aay  be  present  In  the 
propellant  In  trace  amounts. 


HWutuu  01  Development  Engineer 

J#  Uf. 


It) 


AK R COM  FORM  214  R  10  AU6  77 


59 


PROPtLLAN  I  yt^UKiniun  dntti 


It  101  WWtU 

1 


•  tun  SMUMl 


1 

2S-20 

HCL87 CO 10-007 


53  Pounds 


IADF0K6  AKMY  AMMUNITION  PUNT.  IA0F0I0,  U.  Subcontract  *32077 


'  '  NJTlOttUIllMI  v: 


*95089;  95091;  95092 


IlCUl  mi»:ua 


13.10,* 


mmi  w  «Lveini€ss  mop 


145 

155 

150 

160 

i.umji.iiivT 

■ryrrmwmrm 


— ia*»| 


MOMUAMl  COMfOVUOM 


\jrmm  ■sse?* 


TESTS  OF  FINISHED  PJtDPElLANT 


(tasuct  sms  mrncju  nnt 


Uts  I  ACTUM _ 


cc  40’  1  ee  60 '♦ 


[£naimi*ami33m«niHiB  i 


*******  The  closed  bo  tab  test  used  2R-20 
in  the  827  fora  fired  eg alnst  the  827 
standard.  700cc  bomb  with  0.1  gw/cc 
loading  density. 


i...i;ij'-!B|j.'J.ii.'  ■■! 'mniTTS^a'im 


CandelUla  wax  Is  used  as  a  lubricant  during  extrusion  and  say  be  present  in  the 
propellant  In  trace  amounts. 


matuu  oi  Development  .Engineer 


[j0 


’<ds° 


t'KUt'LLLAI*  I  VCdWlurtiu*  «nui 


ueiMm 

i 

lAUUAMtWI  ( 

^  Pounds 

RADFORt  ARMY  AMIIBRITIOR  PLANT,  RADFORD.  DA.  I  goneyvell  Subcontract  <32077 


>  -  >«'*■  NITROCELLULOSE  =•  “" 


B95089;  95091;  95092 


a-  13-1Q_S 


NANtffACTORE  Of  58LVENUESS  PIBP 


145 

155 

150 

160 

nrrr.tm 

ROTTWPB  TYITT 


Extrusion  -  Carpet  Roll 


Extrusion  -  Ole 


MOMiUMi  C0M*osmoN 


CONSTffUWT 


TESTS  OF  FINISHED  PRDPELUNT 


ft  amity  am  (myscm  iun 


niiiiifliim 

Dima 

[milt* 


■itiocimin 


•inmtsi  ciTcn  •isithti 


Candelllla  vmx  Is  need  «s  •  lubricant  during  extrusion  and  nay  be  present  la  the 
propellent  la  trace  aaounts. 


UMivuef  Developsent  Engineer 

^ 


(Oa'OtiliOk 


I'KIIUIM 


I  IWI  buniu  Vkwwitu  UWI«  wiikki 


2R-20  1 


BCL87C 010-00? 


II 

54  Pounds 


rttsllr N tTTECTm 

■  n  i 


B95089 ;  95091;  95092 


11  Subcontract  932077 


%*•=***•  KIT  1 0C£  LUILOSE 


MnoomcoMSMi  I  shia*c«  I  mum  s»«.i*cj 

- - 

-JMLi -  1 

*3.10- « 


Mr^umivm 

>i  i -■ 


145  I  155 


160 


ACTWE  m  38LVEHUCS  ?I8P 


nrrr.tn* 

iAUJumm 

Tsrrrr 


UlbfPaWB 

>11 


Extrusion  -  Carpet  Roll 


Extrusion  -  Die 


momuani  coMfoimoM 


tin  m  mini 


■  ITIDtlTCIIII 


ItlllUtlE  SLTCIl  IIIITIATI 


limn  xz 


■icacstoa  tun 


TESTS  Of  fWISMSO  PROPELLANT 


flMIUn  AND  MTIlCAl  tint 


•OtMUU 

ACTUAL 

cc  40* 

cc  60’+ 

rrmii-BU  wawsKff 


maamMiniiHHBK  ebjb  i 


,1,U?I,  The  closed  bomb  test  used  2R-20 
s  the  827  for*  fixed  against  the  827 
tendard.  700cc  boak  with  0.1  g*/cc 
oadlsg  density. 


tmof  raomta 


I  Candi 


Carton  327310;  Barrier  Bag  3270 


CandelUla  wax  Is  used  as  a  lubricant  during  extrusion  and  asy  be  present  Is  the 
propellant  In  trace  aaounta. 


laauTwioi  Development  Engineer 

'fZ  IA/ 


mrnh  him  9u  i  in  sue  n 


tub* 


62 


T7rT77>»» :  m  rxTTWri  .i  w 


-r >^.v ;■•<•.«  NITIOCELUIIOSE  •  y*»r  .  tj  i" •*:»*'* ;v  •  ••  ■'  -•*  '  ' 


■GUgDETl 


PKUKtLLAN  I  u&»wniriiun  tncxt 


34  bounds 


"  IADF0ID  UK T  AMMUNITION  PLANT.  KAOFORO.  VA.  1  Honeywell  Subcontract  §32077 


jr-’T” 


,  13.10  a 


minifactwe  of  sominiess  mop 


irrtm 


Extrusion  -  Ceroet  Soil 


Extrusion  -  Die 


TESTS  OF  FINIS NEO  MDKLUMT: 


SMsnm  ano  mtiicm  nm 


uu  |  actual 


ce  40’  I  ec  60'+ 


11.45 


19.24  I  wm  o»  nofUMT 


UlUII  jn.l  It  /mm 


iiltstlllaa 


rniRum 


tOT  MUMlft  |  »»»  *f 


Mil 


HtlllTII 


u**u*  The  closed  bohb  test  used  2R-20 
n  the  827  fora  fixed  against  the  827 
tandard.  700cc  hoab  with  0.1  gn/cc 
oadlng  density. 


imoffAcma 


Carton  327310;  Barrier  Bag  327 


CandelUla  wax  la  used  as  a  lubricant  during  extrusion  and  nay  be  present  In  the 
propellant  In  trace  anounta. 


7.95 


2.29  I  2.33 


IPtWlMfCTFJB 


HOMATuuof  Denelonnent  Engineer 

i y 

IBIRflM  rniH  914  I  10  AUE  77 


to. 


TLjf'Oks 


63 


PRDP&LLANI  Ut&biviriiim  »nui 


UUi 


2S-20 


19  Perf  Stick 


a*  <#>  WIMK 


Ha.87C010-011 


I  iMCMKAfip: 

Meat  ml  I 


anlUaufiaUM2a2a 


•Wilt  AMwat 


62  Pounds 


W«  At 


KADFORD  HUT  AMMONITION  PUNT,  lAfiFOII,  VA. 


BnueriwaH 

Honeywell  Subcontract  932077 


hM04 


WTMCKUllMt 


B9S0B9:  93091;  95092 


EES 


2E 


145 


I  »p 


Hi. 


155 


JUW|fACTW|  Of  $8LV«nt€SS  PIBPEILIITC 


■>  STMta 
WJ<0 


SUMSH  fISA.I'C 


.121. 


UU- 


fllftrrrntlM  ini  ling 


Evens peed  lolling 


onotox 


,  Ml 

-<ni 


12. 


150 


160 

TOT 


Extrusion  -  Carpet  Roll 


16V 

UcT 


Extrusion  -  Die 
Annealing 


110 


260 


PtOMUANt  COMtOSItON 


TESTS  OF  f WISHED  PROPELLANT 


S1MHUTT  Am  SMTOCM  TUU 


cowmumi 

TRUST  ■] 

90VMUVA 

.  jul»NL 

tOl««  ANCV 

•  nn 

Mta  Ul* 

acnm 

STTiTcTTTinU 

S/A 

S/A 

SO.M 

MAT 

cc  40* 

cc  60’+ 

iiiiismuia 

S/A 

S/A 

11.45 

ai  fists 

NF  1  Hr 

RF  l’fir" 

•IdltKSI  IITCII  IIIITIlTt 

S/A 

S/A 

19.24 

Ml*  0*  MOT  HA  AM 

Cyl 

timn  n 

K/A 

S/A  . 

0.71 

*1111111 

£1.1  It/aa 

.34r- 

■ItlESIBS  •till  ^ 

S/A 

S/A 

0.05 

• 

cisrstft 

S/A 

S/A 

0.05 

MI  ral  /n 

S/A 

1163 

anr 

S/A 

S/A 

_ 17.78 

mu 

100.00 

US  IHSITt . 

S/A 

1.61 

Moisture 

S/A 

S/A 

0.20 

Ash 

S/A 

S/A  . 

0.09 

Methvlene  Cl  SoluMlln 

K/A 

S/A 

11  .40 

. 

-w  CIOSED  BOMB  v:.. v, . .  V,-  1  PROP! 

...  .... 

RQ 

IUaIM" 

_ 

IV  tlS.  »  l 

nn 

j  -An 

90-  07 

tm.AQ 

fiustm 

SMOnCABOW 

sa 

a* mmb 

MC  '  1  tCIUM 

j+9n 

92.47 

101.41 

uMau 

S/A 

4.75 

4.78 

v/a  Ik /a 

J  +145 

9A-A1 

104.21 

ouaim  mi 

B/A 

.700 

..-,616  __ 

u/a  L93 

*Of  .  SM.  Ml 

U/A 

,023 

.021  - 

w  SATIS 

•Acnp  1/87 

^=rv\ _ 1+90 _ 

100-00 

MMt 

S/A 

.099 

.097  ' 

*wuf**  The  closed  bomb  test  used  2R-20 

In  the  827  fora  fired  agelnst  the  827 
standard.  700cc  boat  with  0.1  ga/cc 
loading  density. 

lutei - 

-sj? 

-Ml 

-090 

Middle 

k/A 

.107 

•  luo 

taaeos  T7E7 

»U* 

ones 

Inner 

K/A 

.116 

.102 

**>  Plff. 

*/A 

W/A 

5.34 

LiB 

S/A  . 

6.97 

oUUirt*..  Wifi - 

MtVASMS 

D:d 

S/A 

10-41 

32-11 

Carton  327049  ;  Barrier  leg  327202  J  *«»3  kox  327088 


WIOM 


eowt< 


Candelllla  vax  Is  used  as  •  lubricant  during  extrusion  and  aey  be  present  In  the 
propellant  la  trace  aaounts. 


1  -  -  1 

1  noMATweior  Develop®* 

p  iv 

AlirQM  FORM  714  I  10  MIS  77 


64 


t 


PfttH'tLLANI  UUWKiriivn  «nu, 


H-20  )9  Rerf  Stick 


r«uui  tnwwii 

60  Founds 


KAOFORB  AMY  AHKOMITIOM  fUNT.  IABF8II,  tt.  Ho””  Subcontract  932077 


*  WTtOCEliBtlSI  v  - v  •  ■:■*.  - 


B95089 ;  93091;  93092 


—  -12, -P7  « 

n.io  « 


IlCAJlTtP  .Hi 


145  I  155 


nratm 


«miuni«  m  sbiveitucss  mt 


rtn TrnnrtH 

nB!n.nqrgnffi 


lamui* 


Extrusion  -  Carpet  Boll 


Extrusion  -  Die 


Anneal in 


momuami  ceMrosmaN 


TESTS  OF  FINISHED  PROPELLANT 


•MMJTT  AW  MVSCAI  1UTS 


-1- 


[■PLLQfflimu 


■iiimtctii* 


•IfTlTLlSt  CLTCtl  aiRITIiTI 


Anna  n 


■imuoi  aim 


sbapbiii 


lOtMUlA 

AOUM 

cc  40' 

ee  60 

11.45 


li  limn 


«Ota  Of  n 0»tUAMT 


l.a  Bi/aa 


ism  aillBaa 


TOBnwnrppi 


lot  NVMIII  |  «w  *f  t  R 


[  EEIB  l 


““f**  The  dosed  boab  test  used  2R-20 
a  the  627  for*  fired  against  the  627 
tandard.  700cc  bomb  with  0.1  gn/cc 
oadlag  density. 


tmsntt 


pacvip  1/87 


787 


3.86  •  3.95 


*  327088 


Candelilla  wax  is  used  as  a  lubricant  during  extrusion  and  aay  be  present  in  the 
propellant  in  trace  uaounts. 


Carton  327049  ;  Barrier  Bag  327202 


nglneer 


i»tr.nn  form  7id  r  in  imr  77 


'ftp <7 


Ml  «1 


rKurtLLAin  utdwivir  nun  «nui 


»l»  1  It  UM  MMM 

2*-20  IV  P»rf  SHeV  _ [  HCI.87C3tO-Ot3 


»*&ue  *mmi  ,ft 

90  Pounds  _ 


tABFOKB  AMT  AMMOMITIOM  PUNT.  IABF6II.  YA.  itoSrj^n  Subcontract  132077 


NlTIOCf  LLUlBH  '  * 


WNtMi  of  Oovelopaent  Engineer 

V  M/ 


rntw  >14  l  18  AUS  77 


rmjrtLLAII  l  Vtdwiuriiim  onuti 


2*-20  19  PerfSiiek _ 


HCL8X  010-014 


25  Pounds 


"  tAOFOtO  AKMT  AMHUMITIOH  FUHT.  MIFIIB.  U.  ITo^'^n  Subcontract  932077 


jumemtiisE v  * •-  ^  *  -  • 


B95069 :  95C91:  95092 


aifuscM 

suJLUt1  *“J‘° 

—  —23.07-  . 

S-  13.19  « 


iicump  itk 


■MimifACiwE «  soLKiucss  mop 


5  I  155 


150  U60 


111  I  ll  1  — 

mmnrn 

nsw  ffifiivifm 


Extrusion  -  Carpet  Boll 


Extrusion  -  Die 


T  II !TT1 


•eonusMi  coMcosnoN 


TESTS  OF  FINISHED  PRDPEUAIfT 


lumm  ms  Mftca  am 


«u  I  Stum  ..._ 


cc  60  4- 


19.2*  |  NMa O*  nonum 


***u?*‘  The  closed  boob  test  used  2R-20 
In  the  827  fora  fixed  against  the  827  Dimer 
standard.  700cc  boob  with  0.1  gn/cc 
loading  density. 


Carton  327049  ;  Barrier  Bag  327202 


327088 


CandelUla  wax  Is  used  as  a  lubricant  during  extrusion  and  say  be  present  In  the 
propellant  In  trace  aaounts. 


woMsiuaia*  Development  Engineer 


ABICOH  FORM  JM  I  10  1UC  77 


Y7U?>3 


rnurtLLMni  Ub^ninivii  **nw*.i 


2R-20  Carpet  Roll  _ I  HCL87B010-015 


1’KUKAIlWa  IfftCAWAMtMl 

55  Pound* 


Honeywell  Subcontract  932077 


<s*r3~*  NITROCELLULOSE  ■  •••*..  «-  -A: 


B95088,  95059.  95060 


IUJ  « 


«iOn  iu*iuk 

it-rmmmmmmi- 


MNlJFACTldE  Of  SOLVEffTinS  PROPELLANT 


.vXv'; . 


laccranBiiM-n-H 


145  I  155 


Extruelon  -  Carpet  Roll 


Extrusion  -  Ole 


[■csicmEni 


newuNi  coMfemw 


TESTS  Of  FINISHED  PROPELLANT  * 


iKSMe^eaefH^ai 


■momenta 


•miHiK  ilicil  aiiiTiin 


■dinar 


13.12  I  It  UNIS 


inmu 


ruaaun  ua  mthcm  no 


•otauta  I  actual 


cc  40* 


!3nncnii 


■itatsua  •»•( 


81APBITI 


UH  itlllaa 


■  .I.H1RW 


muonn 

ILEXEKXJ 


iwmm 


i  i<ywzw  i  r<Tn>a 

gMlifflin  H.T.W7I 
■ageUR|H 


Mliaim  WioncARON 


unstm  iu 


E -472-138 


“cTo'sed  bond)  was  shot  using  carpet  roll 
cut  Into  strips  (7.5"x.l25"x  .090") 
fired  against  the  829  standard 
700  cc  boab  using  a  0.1  ga/cc  loading 
density. 


mi  o*  f  AOM*  COMA 


ARRCOM  FORM  2)4  R  10  T1 


PROPELLANT  DESCRIPTION  SHEET 


COMPOSITION :  PROPELLANT  JA-2  19-PEPF  HEX  GRANULAR 


SPECIFICATION:  XC-P-6«;35B.  ORDER  RELEASE  NO.  235-91.  ~/7/ 


REPORTS  CONTROL  SYSTEN 
CXENFT  PARA  ' -2a 

AR  335  :s 


NUMBER:  RAO  -PD- 350  -1 


PACKET  AMOUNT:  5  5  pound* 


MANUFACTURED  RAOFORO  ARMY  ANN  UN 


tin  or  raamD  noman 


PROPELLANT  COMPOSITION 


STABILITY  AND  PHYSICAL  TESTS 


ConaC ltuart 


Parcanc 

Formula 


Percant 

Tolaranca 


Pareant 

Maaaurad 


Nicrocalluloaa 


Nitroglycarin 


Diathylana  glycol  dinitrata 


Akardic  II 


Hagnaaiu*  oxida 


Graphic# 


REMARKS:  FIRED  IN  A  70C  CC  BOMB  AT  C.20  G/CC  LOADING 
DENSITY 


WEB  IdiM  %) 


TYPE  OF  PACKING  CONTAINER:  DOT  21-C  FIBER  DRUM  _ 


REMARKS:  THIS  DRUM  CONTAINED  NET  PROPELLANT  WEICHT  OF  75.5  POUNDS _ 


THIS  LOT  MEETS  SPECIFICATION  REQUIREMENTS 


SIGNATURE  OF  GOVERNMENT  QUALITY  ASSURANCE  REPRESENTATIVE 
C.  N.  HALL 


69 


PROPELLANT  DESCRIPTION  SHEET 


REMARKS:  FIRED  IN  A  700  CC  BOMB  AT  0.20  G/CC  LOAOINC 

DENSITY 


REMARKS: 


WEB  Idifl  «) 


TYPE  OF  PACKING  CONTAINER:  DOT  21 -C  FIBER  DRUM _ 


THIS  DRUM  CONTAINED  NET  PROPELLANT  WEIGHT  OF  92.5  POUNDS  _ 


THIS  LOT  MEETS  SPECIFICATION  REQUIREMENTS  _ _ 


SIGNATURE  OF  GOVERNMENT  QUALITY  ASSURANCE  REPRESENTATIVE 
C.  N.  HALL 


70 


PROPELLANT  DESCRIPTION  SHEET 

COMPOSITION ;  PROPELLANT  JAX-Z  13-PERF  HEX  GRANULAR  ^ 

SPECIFICATION :  DCL - ? - o4C3 So .  CRCER  RELEASE  SC-  235-3:.  92 

MANUFACTURED:  RADFCRD  ARMY  AMMUNITION  PLANT.  RAOFCRC  VIRGINIA  2424: 


REPORTS  rCNTRTL  SYSTEM  | 
EXEMPT  PARA  ‘-I*  | 

AP  3  2  5  - 1 : 


LOT  NUMBER :  RAD-PD-:9C-1 
? AIKtZ  AMOUNT:  1 2  2  pcunda 
CONTRACT  NUMBER:  CAAA2S -31-Z-OCCl 


ACCEPTEC  BLEND  NUMBERS 
30  95539.  BB  9 S S 4 C  .  3B  9 5 »4 1  ~~ 


TEMPERATURE.  «F 


NITROGEN  CONTENT 

,a™^j  max 

MIN  13.2c 

~~  AVG  »- 

mmtMcrmM  of  aoLvwrt*Mt 

PROCESS  -  DRYING 


k:  starch 
65 . S°C 

45-  MINS 

45-  MINs" 

45-  MINS 


STABILITY 
134  5*C 

:•  MINS 

3i  ~  m:nT" 

30-  MINS 

EXPLOSION  HRS 


j  FROM  TC 

DAYS  HOLES 

J  145  1:5 

CARPET  ROLL  AT  EXTRUSION 

|  iso  i’i 

EXTRUSION  DIE 

|  ics  :  :5 

ANNEAL 

t 

1  -  1  1  _  1  1  1 

1 

TMT  Of 

rzHzsEiD  nonukar 

1 

|  PROPELLANT  COMPOSITION 

STABILITY  AND  PHYSICAL  TESTS  || 

Const ltuant 

Parcanc  Percent 

Formula  Tolaranca 

Parcant 

Maaaurad  Taata 

Formula  Actual  1 

Nitrocsllulose 

51. 17  NOM. 

5446  Haat  cast  6  12C°C 

NCC  60 ■  CC  6C’-  U 

Nitroglycerin 

12.96  NOM. 

12.59  No  fumes 

NF  60-  NF  63- 

Diethylene  glycol  dimtrste 

21.58  NOM. 

20.07 

RDX 

13.  CO  NOM. 

12.10 

Akardit  11 

0.61  NOM. 

068  HOE  icai/gi 

Info  1144 

Magnesium  oxide 

C . 04  NOM. 

0.05  Absoluta  danaity.  g/cc 

Info  1.59 

Graphics 

0.04  NOM. 

0.03 

Total 

10C. 00 

100. C2  Forw 

hexagonal  hexagonal 

A*h  contant 

0 . 3  NOM 

0.1  Numbar  of  parts 

19  IS 

Mathylana  chloride  solubles 

40.4  NOM 

44.3 

Hoiiturt  concent 

0 . 5  NOM 

0.2 

CfcOMD  BOMB 


FWfSLSiMT  lavnxoM  t 


Lot  Number 

Temp  °F 

Relative 

Quietness 

Ralat ivs 
Foret 

Uniformity  by 

Std  Deviation,  * 

RAO-PD-09C-3 

*50 

81.1 

101.7 

I  [ 

SPEC 

DIE 

FINISHED 

8PBC  ACTUAL 

LENGTH  tin.  | 

0.75  NOM 

--- 

0.760 

1.90 

0.0. 

.  ir. .  : 

0.789  NOM 

0.834 

0.810 

erz 

pepf 

*n . 

0  027  NOM 

C.026 

0.027 

STD -1X136 

1CC.0C 

j  100.00 

NEB 

i  avg . 

0 . 109  NOM 

... 

0.114 

Oates 

web 

inner . 

INFO 

--- 

C.  114 

packed 

II  REMARKS:  FIRED  IN  A  ICC  CC  BOMB  AT  C.2C  ZZZ  LOADING 

web 

;middle 

INFO 

-  -- 

C.106 

sample:  U-51 

web 

outer ; 

INFO 

... 

0.112 

TEST  F1NISHE0  11-91 

L/C 

INFC 

... 

0.938 

OFFERED  2-92 

D/a 

INFO 

--- 

30.16 

DESCRIPTION  SHEETS 

WEB 

idiff  %j 

INFC 

3.12 

SIGNATURE  OF  CONTRACTOR'S  REPRESENTATIVE 
D.  ZEOLI  a _ 


TYPE  OF  PACKING  CONTAINER:  DOT  21 -C  FIBER  DRUM 
REMARKS :  THIS  DRUM  CONTAINED  NET  PROPELLANT  WEIGHT  OF  100  POUNDS 
THIS  LOT  MEETS  SPECIFICATION  REQUIREMENTS 

IENTATIVE  I  SIGNATURE  OF  GOVERNMENT  QUALITY  ASSURANCE  REPRESENTATIVE 


C.  N.  HALL 
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PROPELLANT  DESCRIPTION  SHEET 


REPORTS  CONTROL  SYSTE* 
EXEMPT  PAPA  ' - 

AR  3js-;i 


compcsit: on  propellant  jax-;  i;-?erf  pea  granular 


REMARKS  FIRED  IN  A  ?CC  CC  BOMB  AT  0.20  O/CC  LOADING 
OENSITY 


WEB  Idiff  % 


TYPE  OF  PACKING  CONTAINER;  DOT  21-C  FIBER  DRUM 


REMARKS:  THIS  DRUM  CONTAINED  NET  PROPELLANT  WEIGHT  OF  100  POUNDS 


THIS  LOT  MEETS  SPECIFICATION  REQUIREMENTS 


SIGNATURE  OF  CONTRACTOR'S  REPRESENTATIVE 


7^' 


SIGNATURE  OF  GOVERNMENT  QUALITY  ASSURANCE  REPRESENTATIVE 


C.  N.  HALL 
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No.  of 

Copies  Omnintian 


No.  of 

Copies 


2  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22304-6145 

1  Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCAM 
5001  Eisenhower  Ave. 

Alexandria.  VA  22333-0001 

1  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-AD, 

Tech  Publishing 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783-1145 

1  Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-AD, 

Records  Management 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783-1145 

2  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806-5000 

1  Director 

Benet  Weapons  Laboratory 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 

1  Director 

U.S.  Army  Advanced  Systems  Res  arch 
and  Analysis  Office  (ATCOM) 

ATTN:  AMSAT-R-NR,  M/S  219-1 
Ames  Research  Center 
Moffett  Field,  CA  94035-1000 


1  Commander 

U.S.  Army  Missile  Command 
ATTN:  AMSMI-RD-CS-R  (DOC) 

Redstone  Arsenal,  AL  35898-5010 

1  Commander 

U.S.  Army  Tank- Automotive  Command 
ATTN:  AMSTA-JSK  (Armor  Eng.  Br.) 
Warren,  MI  48397-5000 

1  Director 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

White  Sands  Missile  Range.  NM  88002-5502 

(a**,  only)  i  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-CD  (Security  Mgr.) 

Fort  Benning,  GA  31905-5660 

(Unci***,  only)  i  Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-WCB-O 
Fort  Benning,  GA  31905-5000 

1  WL/MNOI 

Eglin  AFB,  FL  32542-5000 

Aberdeen  Proving  Ground 

2  Dir,  USAMSAA 
ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

1  Cdr,  USATECOM 
ATTN:  AMSTE-TC 

1  Dir,  USAERDEC 
ATTN:  SCBRD-RT 

1  Cdr,  USACBDCOM 
ATTN:  AMSCB-CII 


Dir,  USARL 
ATTN:  AMSRL-SL-I 


5  Dir,  USARL 

ATTN:  AMSRL-OP-AP-L 
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1  HQDA  (SARD-TR/Ms.  K.  Kominos) 

WASH  DC  20310-0103 

1  HQDA  (SARD-TR/Dr.  R.Chait) 

WASH  DC  20310-0103 

1  Chairman 

DOD  Explosives  Safety  Board 
Room  856-C 
Hoffman  Bldg.  1 
2461  Eisenhower  Avenue 
Alexandria,  VA  22331-0600 

1  Headquarters 

U.S.  Army  Materiel  Command 
ATTN:  AMCDCG-T,  M.  Fisette 
5001  Eisenhower  Ave. 

Alexandria,  VA  22333-0001 

1  U.S.  Army  Ballistic  Missile 

Defense  Systems  Command 
Advanced  Technology  Center 
P.O.  Box  1500 
Huntsville,  AL  35807-3801 

1  Department  of  the  Army 

Office  of  the  Product  Manager 
155mm  Howitzer,  M109A6,  Paladin 
ATTN:  SFAE-AR-HIP-IP, 

Mr.  R.  De  Kleine 
Picatinny  Arsenal,  NJ  07806-5000 

3  Project  Manager 

Advanced  Field  Artillery  System 
ATTN:  SFAE-ASM-AF-E, 

LTC  A.  Ellis 
T.  Kuriata 
J.  Shields 

Picatinny  Arsenal,  NJ  07801-5000 

1  Project  Manager 

Advanced  Field  Artillery  System 
ATTN:  SFAE-ASM-AF-Q,  W.  Warren 
Picatinny  Arsenal,  NJ  07801-5000 

1  Commander 

Production  Base  Modernization  Agency 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  AMSMC-PBM,  A.  Siklosi 
Picatinny  Arsenal,  NJ  07806-5000 


1  Commander 

Production  Base  Modernization  Agency 
U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  AMSMC-PBM-E,  L.  Laibson 
Picatinny  Arsenal,  NJ  07806-5000 

1  PEO- Armaments 
Project  Manager 
Tank  Main  Armament  System 
ATTN:  AMCPM-TMA 
Picatinny  Arsenal,  NJ  07806-5000 

1  PEO-Armaments 

Project  Manager 
Tank  Main  Armament  System 
ATTN:  AMCPM-TMA- 105 
Picatinny  Arsenal,  NJ  07806-5000 

1  PEO-Armaments 

Project  Manager 
Tank  Main  Armament  System 
ATTN:  AMCPM-TMA-120 
Picatinny  Arsenal,  NJ  07806-5000 

1  PEO-Armaments 

Project  Manager 
Tank  Main  Armament  System 
ATTN:  AMCPM-TMA-AS,  H.  Yuen 
Picatinny  Arsenal,  NJ  07806-5000 

3  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCH-V, 

C.  Mandala 

E.  Fennell 

F.  Hildebrant 

Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCH-T,  L.  Rosendorf 
Picatinny  Arsenal,  NJ  07806-5000 
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1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-CCS 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AEE,  J.  Lannon 
Picatinny  Arsenal,  NJ  07806-5000 

13  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AEE-B, 

A.  Beardell 
D.  Downs 
S.  Einstein 
S.  Westley 
S.  Bernstein 
J.  Rutkowski 

B.  Brodman 
P.  O’Reilly 
R.  Cirincione 
P.  Hui 

J.  O'Reilly 

B.  Strauss 
J.  Prezelski 

Picatinny  Arsenal,  NJ  07806-5000 

5  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AEE- WW, 

M.  Mezger 
J.  Pinto 
D.  Wiegand 
P.  Lu 

C.  Hu 

Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development,  and  Engineering  Center 
ATTN:  SMCAR-AES,  S.  Kaplowitz 
Picatinny  Arsenal,  NJ  07806-5000 


1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-HFM,  E.  Barrieres 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  AMSMC-PBE,  D.  Fair 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FSA-F,  LTC  R.  Riddle 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FSC,  G.  Ferdinand 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FS,  T.  Gora 
Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FS -DH,  J.  Feneck 
Picatinny  Arsenal,  NJ  07806-5000 

3  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FSS-A, 

R.  Kopmann 
B.  Machek 
L.  Pinder 

Picatinny  Arsenal,  NJ  07806-5000 

1  Commander 

U.S.  Army  Armament  Research, 
Development  and  Engineering  Center 
ATTN:  SMCAR-FSN-N,  K.  Chung 
Picatinny  Arsenal,  NJ  07806-5000 
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1 


Director 

Benet  Weapons  Laboratories 
ATTN:  SMCAR-CCB-RA, 

G.P.  O'Hara 
G.A.  Pflegl 

SMCAR-CCB-S,  F.  Heiser 
Watervliet,  NY  12189-4050 

Commander 

U.S.  Army  Research  Office 
ATTN:  Technical  Library 
D.  Mann 
Mr.  K.  Clark 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 

1  Commander,  USACECOM 
R&D  Technical  Library 
ATTN:  ASQNC-ELC-IS-L-R, 

Myer  Center 

Fort  Monmouth,  NJ  07703-5301 

1  Commandant 

U.S.  Army  Aviation  School 
ATTN:  Aviation  Agency 
Fort  Rucker,  AL  36360 

Program  Manager 
U.S.  Tank-Automotive  Command 
ATTN:  AMCPM-ABMS,  T.  Dean 
Warren,  MI  48092-2498 

Project  Manager 

U.S.  Tank-Automotive  Command 
Fighting  Vehicle  Systems 
ATTN:  SFAE-ASM-BV 
Warren,  MI  48397-5000 

Project  Manager,  Abrams  Tank  System 
ATTN:  SFAE-ASM-AB 
Warren,  MI  48397-5000 

Director 

HQ,  TRAC  RPD 

ATTN:  ATCD-MA 

Fort  Monroe,  VA  2365 1-5 143 

Commander 

U.S.  Army  Belvoir  Research  and 
Development  Center 
ATTN:  STRBE-WC 
Fort  Belvoir,  VA  22060-5006 


Director 

U.S.  Army  TRAC-Ft.  Lee 
ATTN:  ATRC-L,  Mr.  Cameron 
Fort  Lee,  VA  23801-6140 

1  Commandant 

U.S.  Army  Command  and  General 
Staff  College 

Fort  Leavenworth,  KS  66027 

1  Commandant 

U.S.  Army  Special  Warfare  School 
ATTN:  Rev  and  Tmg  Lit  Div 
Fort  Bragg,  NC  28307 

1  Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SMCAR-QA/HI  LIB 
Radford,  VA  24141-0298 

1  Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AMXST-MC-3 
220  Seventh  Street,  NE 
Charlottesville.  VA  22901-5396 

2  Commandant 

U.S.  Army  Field  Artillery  Center  and 
School 

ATTN:  ATSF-CO-MW,  E.  Dublisky 
ATSF-CN,  P.  Gross 
Ft.  Sill,  OK  73503-5600 

1  Commandant 

U.S.  Army  Armor  School 

ATTN:  ATZK-CD-MS,  M.  Falkovitch 

Armor  Agency 

Fort  Knox,  KY  40121-5215 

2  U.S.  Army  Research  Development  and 

StandardizationGroup  (UK) 

PSC  802  Box  15,  Dr.  Roy  E.  Richenbacb 
Heinrich  Egg  hart 
FPO  AE09499- 1 500 

2  Commander 

Naval  Sea  Systems  Command 
ATTN:  SEA62R 
SEA  64 

Washington,  DC  20362-5101 


Commander 

Naval  Air  Systems  Command 
ATTN.  AIR-954-Tech  Library 
Washington,  DC  20360 

Commander 

Naval  Research  Laboratory 
ATTN:  Technical  Library 
Code  4410, 

K.  Kailasanate 
J.  Boris 
E.  Oran 

Washington,  DC  20375-5000 

Office  of  Naval  Research 
ATTN:  Code  473,  R.S.  Miller 
800  N.  Quincy  Street 
Arlington,  VA  22217-9999 


4  Commander 

Naval  Surface  Warfare  Center 
ATTN:  Code  G30,  Guns  &  Munitions  Div 
Code  G32,  Guns  Systems  Div 
Code  G33,  T.  Doran 
Code  E23  Technical  Library 
Dahlgren,  VA  22448-5000 

5  Commander 

Naval  Air  Warfare  Center 
ATTN:  Code  388, 

C.F.  Price 
T.  Boggs 
Code  3895, 

T.  Parr 
R.  Derr 

Information  Science  Division 
China  Lake,  CA  93555-6001 


Commander 

US  Naval  Surface  Warfare  Center 
ATTN:  S.  Culder,  Code  290D 
Bldg.  600 

Indian  head,  MD  20640-5000 

Office  of  Naval  Technology 
ATTN:  ONT-213,  D.  Siegel 
800  N.  Quincy  St. 

Arlington,  VA  22217-5000 

Commander 

Naval  Surface  Warfare  Center 
ATTN:  Code  730 
Code  R- 13, 

R.  Bemecker,  Code  R-10 
Silver  Spring,  MD  20903-5000 

Commander 

Naval  Surface  Warfare  Center 
ATTN:  T.C.  Smith 
K.  Rice 

S.  Mitchell 

S.  Peters,  Code  6210C 
J.  Consaga 
C.  Gotzmer 

R.  Simmons,  Code  210PI 
Technical  Library 
Indian  Head,  MD  20640-5000 


1  Commanding  Officer 

Naval  Underwater  Systems  Center 
ATTN:  Code  5B331,  Technical  Library 
Newport,  RI  02840 

1  AFOSR/NA 

ATTN:  J.  Tisbkoff 

Bolling  AFB,  D  C.  20332-6448 

1  OLAC  P17TSTL 

ATTN:  D.  Shipletl 
Edwards  AFB,  CA  93523-5000 

3  OL-AC  PL/RK 

ATTN:  J.  Levine 
L.  Quinn 
T.  Edwards 
5  Pollux  Drive 

Edwards  AFB,  CA  93524-7048 

1  WL/MNAA 

ATTN:  B.  Simpson 
Eglin  AFB,  FL  32542-5434 

1  WL/MNME 

Energetic  Materials  Branch 
2306  Perimeter  Rd. 

STE  9 

Eglin  AFB,  FL  32542-5910 

1  WL/MNSH 

ATTN:  R.  Drabczuk 
Eglin  AFB,  FL  32542-5434 


2  NASA  Langley  Research  Center 
ATTN:  M.S.408, 

W.  Scallion 
D.  Witcofski 
Hampton,  VA  23605 

1  Central  Intelligence  Agency 

Office  of  Information  Resources 
Room  GA-07,  HQS 
Washington,  DC  20505 

1  Central  Intelligence  Agency 

ATTN:  J.  Backofen 
NHB,  Room  5N01 
Washington,  DC  20505 

1  SDIO/TNI 

ATTN:  L.H.  Caveny 
Pentagon 

Washington,  DC  20301-7100 

1  SDIO/DA 
ATTN:  E.  Gerry 
Pentagon 

Washington,  DC  21301-7100 

2  HQDNA 
ATTN:  D.  Lewis 

A.  Fahey 

6801  Telegraph  Rd. 

Alexandria,  V A  22310-3398 

1  Director 

Sandia  National  Laboratories 
Energetic  Materials  &  Fluid  Mechanics 
Department,  1512 
ATTN:  M.  Baer 
P.O.  Box  5800 
Albuquerque,  NM  87185 

1  Director 

Sandia  National  Laboratories 
Combustion  Research  Facility 
ATTN:  R.  Carling 
Livermore,  C A  94551-0469 

1  Director 

Sandia  National  Laboratories 
ATTN:  8741,  G.  A.  Beneditti 
P.O.  Box  969 

Livermore,  CA  9455 1  -0969 


2  Director 

Lawrence  Livermore  National 
Laboratory 
ATTN:  L-355, 

A.  Buckingham 
M.  Finger 
P.O.  Box  808 

Livermore,  CA  94550-0622 

2  Director 

Los  Alamos  Scientific  Lab 
ATIN:  T3/D.  Butler 

M.  Division/B.  Craig 
P.O.  Box  1663 
Los  Alamos,  NM  87544 

1  3M  Specialty  Chemicals 
ATTN:  A.  P.  Manzara 
Bldg  70-2 

10746  Chemolite  Road 
Cottage  Grove,  MN  55016 

2  Battelle 

ATTN:  TWST1AC 
V.  Levin 
505  King  Avenue 
Columbus,  OH  43201-2693 

1  Battelle  PN L 

ATTN:  M.C.C.  Bampton 
P.O.  Box  999 
Richland,  WA  99352 

1  E.  I.  Du  Pont  De  Nemours  &  Co,  .Inc. 

Potomac  River  Works, 

ATTN:  M.  McGowan 
Martinsburg,  WV  25401 

1  Eli  Freedman  &  Associates 

2411  Diana  Road 
Baltimore,  MD  21209 

1  Institute  of  Gas  Technology 

ATTN:  D.  Gidaspow 
3424  S.  State  Street 
Chicago,  IL  60616-3896 

1  Institute  for  Advanced  Technology 

ATTN:  T.M.  Kiehne 
The  University  of  Texas  of  Austin 
4030-2  W.  B raker  Lane 
Austin,  TX  78759-5329 


t 


r 
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2  CPIA-JHU 
ATTN:  H.  J.  Hoffmai. 

T.  Christian 

10630  Little  Patuxent  Parkway 
Suite  202 

Columbia,  MD  21044-3200 

1  Brigham  Young  University 

Department  of  Chemical  Engineering 
ATTN:  M.  Beckstead 
Provo,  UT  84601 

1  Jet  Propulsion  Laboratory 

California  Institute  of  Technology 
ATTN:  LX).  Strand,  MS  125/224 
4800  Ode  Grove  Drive 
Pasadena,  CA  91109 

1  California  Institute  of  Technology 
204KarmanLab 

Main  Stop  301-46 
ATTN:  F.E.C.  Culick 
1201  E.  California  Street 
Pasadena,  CA  91109 

3  Georgia  Institute  of  Technology 
School  of  Aerospace  Engineering 
ATTN:  B.T.  Zim 

E.  Price 
W.C.  Strahle 
Atlanta,  GA  30332 

2  University  of  Illinois 
Department  of  Mechanical/Industry 

Engineering 
ATTN:  H.Krier 
R.  Beddini 

144  MEB;  1206  N.  Green  St 
Urbana,  IL  61801-2978 

1  University  of  Massachusetts 

Department  of  Mechanical  Engineering 
ATTN:  K.  Jakus 
Amherst,  MA  01002-0014 

1  University  of  Minnesota 

Department  of  Mechanical  Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55414-3368 


5  Pennsylvania  State  University 

Department  of  Mechanical  Engineering 
ATIN:  V.  Yang 
K  Kuo 
Wen  H.  Hsieh 
Stefan  T.  Thynell 
C.  Merkie 

University  Park,  PA  16802-7501 

1  Rensselaer  Polytechnic  Institute 

Department  of  Mathematics 
Troy.  NY  12181 

1  Stevens  Institute  of  Technology 

Davidson  Laboratory 
ATTN:  R.  McAlevy  IH 
Castle  Point  Station 
Hoboken,  NJ  07030-5907 

1  Stevens  Institute  of  Technology 

Highly  Filled  Materials  Institute 
ATTN:  Dr.  Dilhan  M.  Kaylon 
Hoboken,  NJ  07030 

1  Rutgers  University 

Department  of  Mechanical  and 
Aerospace  Engineering 
ATTN:  S.  Temkin 
University  Heights  Campus 
New  Brunswick,  NJ  08903 

1  University  of  Utah 

Department  of  Chemical  Engineering 
ATTN:  A  Baer 

Salt  Lake  City,  UT  84112-1194 

1  Washington  State  University 

Department  of  Mechanical  Engineering 
ATTN:  C.T.  Crowe 
Pullman,  WA  99163-5201 

1  AFELM,  The  Rand  Corporation 

ATTN:  Library  D 
1700  Main  Street 
Santa  Monica,  CA  90401-3297 

1  Arrow  Technology  Associates,  Inc. 

ATTN:  W.  Hathaway 
P.O.  Box  4218 

South  Burlington,  VT  05401-0042 
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3  AAI  Corporation 
ATTN:  J  .  Hebert 
J.  Frankie 
D.  Cleveland 
P.O.  Box  126 

Hunt  Valley,  MD  21030-0126 

2  Alliant  Techsystems,  Inc. 

ATTN:  RJE.  Tompkins 
J.  Kennedy 
7225  Northland  Dr. 

Brooklyn  Park,  MN  55428 

1  Textron  Defense  Systems 

ATTN:  A.  Patrick 
2385  Revere  Beach  Parkway 
Everett,  MA  02149-5900 

1  General  Applied  Sciences  Lab 

ATTN:  J.  Erdos 
77  Raynor  Ave. 

Ronkonkama,  NY  11779-6649 

1  General  Electric  Company 

Tactical  System  Department 
ATTN:  J.  Mandzy 
100  Plastics  Ave. 

Pittsfield,  MA  01201-3698 

1  HTRI 

ATTN:  M.J.  Klein 
10  W.  35th  Street 
Chicago,  IL  60616-3799 

5  Hercules,  Inc. 

Radford  Army  Ammunition  Plant 
ATTN:  L.  Gizzi 

DA.  Worrell 
W.J.  Worrell 
C.  Chandler 
F.  T.  Kristoff 
Radford.  VA  24141-0299 

2  Hercules,  Inc. 

Allegheny  Ballistics  Laboratory 
ATTN:  William  B.  Walk  up 
Thomas  F.  Farabaugb 
P.O.  Box  210 

Rocket  Center,  WV  26726 


1  Hercules,  Inc. 

ATTN.  D.  D.  Whitney 
100  Howard  Blvd. 

KenviLNJ  07847 

1  Hercules,  Inc. 

Hercules  Plaza 
ATTN:  B.M.  Riggleman 
Wilmington,  DE  19894 

1  Hercules,  Inc. 

ATTN:  E.  Hays  Zeigler 
Kenvil,  NJ  07847 

1  MBR  Research  Inc. 

ATTN:  Dr.  Mosbe  Ben-Reuven 
601  Ewing  St.,  Suite  C-22 
Princeton,  NJ  08540 

1  Olin  Corporation 

Badger  Army  Ammunition  Plant 
ATTN:  F.E.  Wolf 
Baraboo,  WI  53913 

3  Olin  Ordnance 

ATTN:  EJ.  Kirschke 
A.F.  Gonzalez 
D.W.  Worthington 
P.O.  Box  222 

St  Marks,  FL  32355-0222 

1  Olin  Ordnance 

ATTN:  H.A.  McElroy 
10101  9th  Street,  North 
St.  Petersburg,  FL  33716 

1  Paul  Gough  Associates,  Inc. 

ATTN:  P.S.  Gough 
1048  South  St. 

Portsmouth,  NH  03801-5423 

1  Physics  International  Library 

ATT N:  H.  Wayne  Wampler 
P.O.  Box  5010 

San  Leandro,  CA  94577-0599 
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Princeton  Combustion  Research 
Laboratories,  Inc. 

ATTN:  N.Mer 

N.A.  Messina 
Princeton  Corporate  Plaza 
1 1  Deerpark  Dr.,  Bldg  IV,  Suite  1 19 
Monmouth  Junction,  NJ  08852 

2  Rockwell  Internationa] 

Rocketdyne  Division 
ATTN:  BA05,  J.  Flanagan 
WC79,  R.  Edehnan 
6633  Canoga  Avenue 
Canoga  Park,  CA  91303-2703 

2  Rockwell  International  Science  Center 

ATTN:  Dr.  S.  Chakravarthy 
Dr.  S.  Palaniswamy 
1049  Camino  Dos  Rios 
P.O.  Box  1085 
Thousand  Oaks,  CA  91360 

1  Southwest  Research  Institute 

ATTN:  J.P.  Riegel 
6220  Culebra  Road 
P.O.  Drawer  28510 
San  Antonio,  TX  78228-0510 

1  Thiokol  Corporation 

Elkton  Division 
ATTN:  Tech  Library 
P.O.  Box  241 
Elkton,  MD  21921-0241 


Thiokol  Carp. 

ATTN:  Dr.  David  A.  Flanigan 
PO  Box  707 

Brigham  City.  UT  84302-0707 

1  Thiokol  Corp. 

Tactical  Operations 
PO  Box  400006 
ATTN:  W.  H.Oetjen 
Huntsville,  AL  35815-1506 

1  Veritay  Technology,  Inc. 

ATTN:  E.  Fisher 
4845  Millers  port  Hwy. 

East  Amherst,  NY  14501-0305 

1  Universal  Propulsion  Company 

ATTN:  HJ.  McSpadden 
25401  North  Central  Ave. 

Phoenix,  AZ  85027-7837 

1  SRI  International 

Propulsion  Sciences  Division 
ATTN:  Tech  Library 
333  Ravenwood  Avenue 
Menlo  Park,  CA  94025-3493 

Aberdeen  Proving  Ground 

1  Cdr,  USACSTA 

ATTN:  STECS-PO/R.  Hendricksen 
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Ernst-Mach-Instilut 
ATTN:  Dr.  G.  Zimmerman 
Haupstrasse  18 
Weil  am  Rbeim 
Germany 

Defence  Research  Agency,  Military 
Division 

ATTN:  Dr.  D.  Tod 
Room  20,  Bid.  X50,  ET5 
Fort  Halstead 

Sevenoaks,  Kent,  TN14  7BP 
England 

School  of  Mechanical,  Materials,  and 
Civil  Engineering 
ATTN:  Dr.  Bryan  Lawton 
Royal  Military  College  of  Science 
Shrivenham,  Swindon,  Wiltshire,  SN6  8LA 
England 

Prins  Mauri  ts  Laboratorium 
ATTN:  Mr.  Jan  Miedema 
P.O.  Box  45 
2280  AA  Rijswijk  ZH 
The  Netherlands 

Etablissement  Technique  de  Bourges  (ETBS) 
LP1  (Division  Laboratoires  Matemiaux 
Pyrotecbniques  et  Inertes) 

BP  n°712 

ATTN:  Mr.  Alain  Fabre 
18015  Bourges  CEDEX 
France 


1  SNPE  Centre  de  Recheiches  du  Bouchet 

ATTN:  Mr.  Robot  Nevifcre 

BP2  91710  Ven-le-Petit 
France 

2  Institut  Saint  Louis 
ATTN:  Dr.  Marc  Giraud 

Dr.  Gunther  Sheets 
Postfach  1260 
7858  Weil  am  Rhein  1 
Germany 

1  Explosive  Ordnance  Division 

ATTN:  A.  Wildegger-Gaissmaier 
Defence  Science  and  Technology 
Organisation 
P.O.  Box  1750 

Salisbury,  South  Australia  5108 
1  Chief 

Defence  Research  Establishment  Val earner 
ATTN:  Dr.  S.  Duncan 
P.O.  Box  8800 

Courceleue,  Quebec  GOA  1R0 
Canada 

1  BICT 

ATTN:  Dr.  Burkhard  Nicklas 
GrosseCent 
D-53913  Swisttal  1 
Germany 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
comments/mswers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number  ARL-TR-465 _ Date  of  Report  June  1994 _ 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  will  be  used.) _ 


t 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of 
ideas,  etc.) _ _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State.  Zip  Code 

*  7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address 

above  and  the  Old  or  Incorrect  address  below. 


% 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


Department  of  the  Army 


OFRCJAL  BUSINESS 


II 


BUSINESS  REPLY  MAIL 

BUST  CUSS  EBHff  fc  11001.  tfS,  MD 

Postage  will  be  paid  by  addressee. 


Director 

U.S.  Army  Research  Laboratory 
ATTN:  AMSRL-OP-CI-B  (Tech  Ub) 
Aberdeen  Proving  Ground.  MD  21005-5066 


